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Spiders are commonly envisaged as generalist predators, but recent studies 
have shown that certain species of jumping spiders (Araneae: Salticidae) demonstrate 
a pronounced prey preference towards particular prey types.  Some salticid species 
have even been shown to mature faster and grow to larger sizes when fed with their 
preferred prey type.  Paracyrba wanlessi, a salticid from the subfamily Spartaeinae, is 
known to feed on a large proportion of larval and adult mosquitoes in nature.  
However, it is currently unclear if the observed proportion of mosquito prey taken in 
nature is indicative of an actual prey preference or if it is merely due to the relative 
abundance of various prey types in their natural habitat.  I performed a series of prey 
choice tests using adult P. wanlessi to examine if they show a preference for 
mosquitoes over other insects as prey, and also the effect of hunger levels on their 
preference. My results demonstrated that P. wanlessi showed a distinct preference for 
adult female Aedes albopictus mosquitoes over blood fed mosquitoes, fruit flies and 
cricket nymphs.  Surprisingly, even though half their natural diet was reported to 
consist of aquatic mosquito larvae, prey preference tests in the laboratory revealed 
that spiders would almost always choose adults over larval mosquitoes.  I also 
conducted growth rate experiments to investigate whether the development of P. 
wanlessi was influenced if the spiders were fed on strict diets of Drosophila 
melanogaster, blood fed and non-blood fed female Ae. albopictus, or a mixed diet of 
all three prey types.  Spiders reared on a mixed diet showed best overall growth and 
lowest mortality, followed closely by those reared on a non-blood fed mosquito diet. 
Contrary to expectations, spiders reared on blood fed mosquitoes did poorly, with 
high mortality rates and few spiders reaching maturity in 352 days. Spiders reared on 
D. melanogaster fared the worst, with 89% mortality prior to maturity.  My findings 
have implications for the current understanding of vision-based prey preference and 
predatory specialization in salticids, as well as for the ecology of the phytothelm 
communities of bamboo internodes, the natural habitat of P. wanlessi. 
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Optimal Foraging Theory 
 
Central to the behaviour of any heterotroph is feeding, or foraging.  Before attaining 
maturity, it stands to reason that the vast majority of any animal’s active time is spent 
foraging.  Within limits, the more food resources attained by a juvenile animal, the 
faster it will attain maturity and reproduce.  Shorter maturity times in most cases 
minimize the vagaries of chance that might lead to an untimely demise, thus we might 
expect a distinct selective pressure towards shorter maturity time and hence more 
efficient foraging.  Even for sexually mature animals, other than some special cases, 
much time is spent foraging.  Yet, prior to 1966, there existed little or no literature on 
foraging strategies per se, focusing mainly on adaptations and specializations to 
various modes of feeding (Schoener, 1987).  It was simply assumed that animals took 
what prey as was available or they were specialized to take.  Sporadic reports (e.g. 
Dunn, 1935) argued that selection had a part to play in what types of food were taken 
by animals, but only in 1966 were two landmark papers published by MacArthur and 
Pianka (1966) as well as Emlen (1966) which launched what came to be known as 
Optimal Foraging Theory (OFT).  These authors argued that foraging behaviour was 
not as haphazard as was previously assumed, but instead was shaped through 
evolution to maximize the net intake of energy per unit of feeding time.  Since then, 
numerous papers have been published both supporting as well as arguing against OFT 
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(see Pyke, 1984; Stephens and Krebs, 1986; Gray, 1986 and Schoener, 1987 for 
reviews) and building up upon the original theories.  Some modifications include 
expanding OFT to take into account a dynamic prey population (Yearsley, 2003), 
partial preference for prey (see Berec, 2003), regulating the intake of multiple 
nutrients (Simpson et al., 2004), food hoarding (Gerber et al., 2004) and the 
simultaneous detection of more than one prey item at a time (Waddington and 
Holden, 1979; Carlson, 1983; Engen and Stenseth, 1984; Berec, 2003) among others.  
The debate over the usefulness of OFT still rages on, and possibly the main 
driving factor behind the vast differences of opinion might lie in the fact that animal 
foraging is a vastly more complex process than can be accounted for in any one given 
model.  Furthermore, there is little communication between theoretical and empirical 
scientists, with empiricists unable to adhere to the strict requirements of model 
assumptions and theoreticians designing models that cannot possibly take all things 
into consideration when dealing with the unpredictability of test organisms in their 
natural environment (Perry and Pianka, 1997; Berec, 2003).  The current state of the 
theory is uncertain, with no recent reviews, and it would be beyond the scope of this 
thesis to attempt to make sense of the various competing views.  
Despite its supposed shortcomings that detractors have often propounded (see 
Gray, 1986), OFT is useful to behavioural ecologists in terms of the predictions that it 
makes which are easily testable.  One of the most proven predictions of the theory is 
that during ‘lean periods’ where food is scarce, animals would tend to be less fussy 
about what they eat and vice versa (Pyke, 1984; Perry and Pianka, 1997), and this 
prediction is particularly pertinent with respect to prey-specialist predators that have a 
preference for specific prey.  Such predators present ideal models for testing this 
prediction, and the theory as a whole by extension.  Another major assumption in 
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OFT is that foraging translates to fitness, and this resulted in the development of 
Optimal Diet Theory.  Prey-specialist predators are also useful to test this aspect of 
OFT since their diet preferences already give some indication as to what is their 
“optimum” prey, and this could then be used to test if there are any effects on fitness.  
Hence, in any study dealing with prey specialists, OFT would be the main theory 
behind the experiments. 
 
Diet and Preference: Specialist vs. Generalist predators  
 
Consumers can be classified into monophagous, oligophagous and polyphagous 
consumers, or more broadly as generalists and specialists (Begon et al., 1996).  
Generalist (or euryphagous) predators are polyphagous predators while specialist (or 
stenophagous) predators are mono or oligophagous predators that live in habitats with 
a wide variety of prey types but tend to choose a few specific prey to specialize on.  
The primary distinction between generalists and specialists is with regards to the 
relative proportions of prey in their diets: a generalist predator will have a diet where 
the proportions of prey taken are almost exactly the same as the proportion of their 
abundance in their natural habitat whereas the specialist predator will have a diet with 
a very skewed proportion of selected prey types as compared to the prey’s natural 
abundances (Begon et al., 1996).  
OFT would predict that truly generalist predators are not foraging optimally, 
since it would appear that they do not make choices to optimize their diets with 
respect to any given set of optimization criteria, but take any and all prey that come 
along.  One of the main assumptions behind optimal foraging is that not all prey types 
are equal: some types of prey are more profitable than others.  Therefore, the only 
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way in which a generalist predator could be foraging optimally is if all prey are 
equally profitable, a situation that is highly unlikely.  The logical conclusion is that 
truly generalist predators do not exist, but it then becomes more of a question of 
extent: all predators are specialists to some extent or other if they are to forage 
optimally.  Conversely, if a predator were found to be truly generalist then that might 
seriously impact the credibility of optimization theory. 
The terms listed above all have to do with an animal’s diet in the natural 
environment.  There is yet another distinction that has to be made: that between “diet” 
and “preference”.  The former has to do with the kinds of prey that the predator takes 
in the wild, whereas the latter deals more with the predator’s attitude towards 
particular prey types, and its choices when presented with more than one prey type 
(Jackson, R. R., pers. comm.; Li and Jackson, 1996a; b).  A predator’s diet in the wild 
might give some indication of preference, but this is not necessarily the case.  For 
example, a predator might have a preference for a prey type that is relatively rare in 
its natural environment, and this preference would manifest itself in the choices of 
prey that the predator makes.  We would not be able to detect such a preference based 
upon the predator’s diet due to the relative rarity of the prey, among other factors such 
as the ease of detection or the predator’s ability to catch the preferred prey.  To show 
that a predator has a preference for a particular prey requires evidence that the 
predator can distinguish between different types of prey and consistently choose to 
attack one over the other (Morse 1971, 1980; Fox and Morrow 1981).   
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Preference vs. OFT 
 
Optimal Foraging Theory deals with diet, which may or may not reflect preference.  
What impact can preference have on OFT?  Could preference for a particular prey 
indicate the “optimal” diet?  This would be logical if one assumes that prey preference 
can only come about through natural selection as well; a hypothesis that is supported 
by the fact that preference for a particular prey can exist across all species within a 
genus (e.g. Portia, an araneophagic jumping spider, see Su et al., 2007).  One might 
even argue that prey preference represents a shift towards optimality in the diet of 
these predators, and eventually all consumers will evolve to exhibit such preferences 
in their choice of diets.  It could be seen as a shift in the view regarding predictions of 
the prey model (see Stephens and Krebs, 1986): that prey are ranked according to 
their profitability.  If there were a wide margin between the most profitable prey and 
the second most profitable prey, it would greatly benefit the predator to specialise in 
this hunting the former.  Furthermore, it might also be postulated that increased 
specialisation in a specific prey type might increase the profitability still further, as 
traits evolve which decrease pursuit or  handling times or the efficiency with which 
these prey are captured (for example, prey specific capture behaviours).  It would be a 
positive feedback loop, where specialisation leads to increased profitability, which 
would lead to further specialisation.  Current models of optimality theory have yet to 
take into account this kind of iterative process in prey specialisation. 
Of course, the majority of consumers will be limited by other factors 
preventing them from developing such preferences.  Not knowing the original 
conditions which led to specialist consumers having a particular prey preference, we 
cannot know what conditions are necessary for other consumers to evolve along the 
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same lines.  Thus, one area of work that might be explored is the evolution of such 





One unknown quantity in the field of prey specialisation is just how wide the 
definition of “prey specialist” really is.  If a predator can specialise in preying upon 
just two or three species of prey (for example, bolas spiders), how about predators that 
specialise in one entire group, such as araneophagic spiders that prey upon the whole 
array of orb-weaving spiders?  How broad or narrow must the defined group be before 
we categorise a predator that preys upon that group as a “specialist”?  What about a 
spider that preys upon the group “Arthropoda” – i.e., any arthropod of a suitable size 
range will be eaten?  Obviously, nobody would consider such a spider as a specialist, 
but then too, nobody has made the distinction sufficiently clear at which point a 
predator is considered one or the other, especially since the prey groups we define 
them by are entirely arbitrary in the first place.  Certain tentative steps have been 
made towards the goal of determining the extent of a prey repertoire that defines a 
specialist predator: some morphological features of prey that are used by the predator 
to characterise which prey items fall under the “preferred prey” category have been 
found for araneophagic jumping spiders (Harland and Jackson, 2001; 2002).  While 
this does not exactly define how broad a scope of prey would determine what makes a 
specialist, it shows that specialist predators are capable of distinguishing certain 
features and labelling such features as characteristic of “preferred” or “non-preferred” 
prey.  However, it will be demonstrated that it is insufficient to show that a predator 
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has a preference for particular prey, or has affinity for certain features of the chosen 
prey, but these may be taken as prerequisites for a specialist predator. 
Based on the traditional definitions outlined earlier on in this review, we 
would have to characterise all prey types taken in the wild and compare this to the 
natural abundances of all potential prey, looking for discrepancies between the two 
abundances.  I submit that even this is insufficient to categorise a predator into 
specialist/generalist categories.  It would take a combination of various factors to 
define a specialist predator: 1) the predator having a particularly high proportion of 
the preferred prey in its diet; 2) the predator being able to consistently choose such 
prey based on characteristic morphological/behavioural features, and 3) the prey 
group being sufficiently well-defined to be able to say that the predator only prefers 
prey from this group. 
Furthermore, it should ideally be shown that this preference of the specialist 
predator has some physiological benefit, and if this prey is in fact an “Optimal” diet, 
or that the predator is foraging optimally when it chooses its preferred prey.  The link 
between prey preference and OFT is often only vaguely hinted at, and only in this 
manner could the gap between them be diminished. 
 
Spiders as predators 
 
The vast majority of spiders are thought to be euryphagous (Bristowe, 1941; Wise, 
1993; Foelix, 1996), perhaps due to the sit-and-wait predatory tactics employed by 
most spider species.  Approximately half of all spider families do not build webs, and 
of the remaining half (cursorial spiders), most are relatively sedentary and will wait 
for prey to come by (Nentwig, 1986).  Web-building spiders are almost exclusively 
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sit-and-wait predators since they have no control over what kinds of prey land in their 
webs.  It is unlikely that we would find a spider in these groups that has a preference 
for specific prey types, since the only choice the spider has is to accept or reject the 
prey that it comes across – there is no active search for any one prey type.  Nentwig 
(1986) found that even among actively hunting spiders, truly euryphagous spiders are 
still found – Cupiennius salei (Keys.) (Araneae: Ctenidae) takes virtually all kinds 
prey items offered to it, even poisonous or distasteful insects; but there was a definite 
trend towards dietary specialisation among the various actively hunting spiders tested.  
He speculated that this specialisation could have been caused by the variety of prey 
available to each spider in their habitats: spiders with a wide range of potential prey 
tended to be euryphagous and vice versa.  However this conclusion was based on a 
relatively small selection of seven spiders, and was not backed up by any information 
on the diversity of prey in their natural habitats. 
Truly stenophagous spiders are rare, even among the active hunters, but some 
spider families still appear to have specialised in preying upon certain groups of prey.  
Bolas spiders (Araneae: Araneidae) are highly unusual spiders belonging to the same 
family as orb-weaving spiders, and unlike their relations, these spiders do not simply 
sit in an orb web waiting for prey to arrive.  Instead, they swing a droplet of adhesive 
on the end of a silk strand (Haynes et al., 2002), and the female spiders release 
chemical cues that mimic the sex pheromones of it’s moth prey (Stowe et al., 1987; 
Gemeno et al., 2000), and this attracts male moths which fly around the spider, 
making it an easy target for the spider to capture using the bolas.  Some bolas spiders 
are such specialised predators that they only capture three different species of moths, 
out of which two species constitute 93% of the diet (Yeargan, 1988). 
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Another well-known group of stenophagous spiders are the mimetids 
(Araneae: Mimetidae) that prey primarily upon web-building spiders (araneophagic: 
spider-eating).  These spiders are commonly known as pirate spiders (Bristowe, 1958) 
since they spend much of their time in other spider’s webs (web invasion), having 
preyed upon the original spider that constructed the web.  Mimetids use specialised 
predatory tactics (vibratory aggressive mimicry, see below) in order to deceive the 
resident spider into thinking that it is either a prey (Gerhardt, 1924; Bristowe, 1941) 
or a conspecific mate (Czajka, 1963), so that the unsuspecting resident spider 
approaches the mimetid, whereupon the mimetid will lunge at the resident spider 
(Jackson and Whitehouse, 1986) and give it a quick bite, usually in an extremity 
(Foelix, 1996).  Mimetids seldom prey upon insects, but will occasionally feed on an 
insect trapped in a web that it has invaded (Jackson and Whitehouse, 1986), and thus 
it is likely that mimetids diets are primarily orb weaving spiders; a slightly broader 
diet than bolas spiders but still relatively specialised. 
One final family of spiders that specialises in feeding on a specific prey are the 
zodariids (Araneae: Zodariidae).  These are ground dwelling spiders that prey more or 
less exclusively on ants (Schneider, 1971; Harkness, 1976) and often stay near the 
ant’s nests (Pekár, 2004a; b) to catch the guards at the nest entrances (Harkness, 1975; 
1976; Harkness and Wehner, 1977).  Zodariids’ specialisation extends to chemically 
mimicking the scent of the ant colonies that they are preying upon such that the ants 
of that colony recognise it as one of their own and do not attack it, and might even 
secrete an insecticidal compound from their femoral organs to subdue ants (Jocqué 
and Billen, 1987).  Even their chelicera are thought to be modified in order to 
penetrate ant cuticle (Wunderlich, 1980).  Zodariids are thought to be strictly ant 
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predators as they would refuse any other insect prey, with the exception of only 
occasionally attacking (but not killing) termites (Pekár, 2004a; Couvreur, 1989). 
Apart from these three families of spiders there are reports (see Nentwig, 1986 
for review) of various genera and individual species that have also taken to predatory 
specialization, such as the araneophagic salticids Portia (Jackson and Pollard, 1996; 
Li and Jackson, 1996b; Li et al., 1997; Clark and Jackson, 2000; Harland and 
Jackson, 2001; 2002; 2006) and a few other species from the subfamily Spartaeinae 
(Jackson and Hallas, 1986; Jackson, 2000; Li, 2000); the myrmecophagic genera 
Tutelina (Wing, 1983; Nentwig, 1986), Cosmophasis (Allan and Elgar, 2001; Allan et 
al., 2002; Elgar and Allan, 2004); various species from nine other genera in the 
subfamilies Heliophaninae and Euophrynae (Jackson and van Olphen, 1991; 1992; Li 
et al., 1996; Jackson et al., 1998; Jackson and Li, 2001; Huseynov et al., 2005); and 
some species of thomisids and oxyopids either specialize on ants for ground-dwelling 
species or flower-visiting insects such as bees, butterflies and some flies in the case of 




The family Salticidae is by far the largest and most diverse spider family with 5088 
described species in 559 genera (Platnick, 2007). Salticids are mainly cursorial 
hunters, although there are some basal species that continue to build webs that are 
used in prey capture (see Su et al., 2007).  Their locomotion is characterised by a 
combination of walking and jumping, always leaving a silk dragline anchored to the 
ground before each leap (Foelix, 1996).  When they hunt, they first acquire prey 
visually, then initiate a typical stalk-and-leap sequence where the spider approaches 
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the prey till it is within range for the spider to strike by leaping onto the prey, 
sometimes even making mid-air interceptions of flying insects (Drees, 1952; Forster, 
1977; 1979; 1982; Jackson, 1985).  Salticids will often use their front pairs of legs to 
form a basket to surround the prey, while rear legs are used to propel the spider 
(Foelix, 1996).  One primitive group of Salticids, the subfamily Spartaeinae, deviates 
from this standard capture sequence in that these spiders do not leap (where all legs 
leave the substrate)  to capture prey but rather they lunge (where some legs remain in 
contact with the substrate) at the prey from close range (Jackson and Pollard, 1996). 
Unlike the vast majority of other spider families, salticids have unique, 
complex eyes (Land, 1969a; b; Blest et al., 1990; see also Jackson and Pollard, 1996 
for review) that provides acuity of vision unparalleled in organisms of similar size 
(spatial resolution ≈ 0.04°, Land and Fernald, 1992; Land and Nilsson, 2002) and 
allows elaborate vision-mediated behaviours (Jackson and Pollard, 1996; Lim and Li, 
2006).  Characteristic of the Salticidae are the large, forward facing anterior median 
eyes, which are the principle eyes responsible for their acute vision (Blest, 1985; 
Forster, 1985; Land, 1985a; Blest et al., 1990) and provide spatial resolution ten times 
better than the highest recorded in insects (0.4°, Labhart and Nilsson, 1995) and only 
five times less that of humans (0.007°, Kirschfeld, 1976).  Apart from the anterior 
median eyes (or principal eyes), salticids have three other pairs of smaller secondary 
eyes that function more or less as motion detectors (Homann, 1928; Land, 1971; 
1972; Duelli, 1978) but provide jumping spiders with an almost 360° field of vision 
(Land, 1985b).   
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Prey preference in salticids 
 
For predators, there are distinct advantages to having good vision, such as providing 
precise information on the location, size, type and behaviour of their prey, predators 
or conspecifics from a relatively long distance (Harland and Jackson, 2002), which 
may account for the success of the salticids among spider families.  Many other spider 
families are nocturnal and would be more dependant on tactile or chemical cues 
(Foelix, 1996), hence the vision of most other spiders can be described as rudimentary 
(Homann, 1971; Land and Nilsson, 2002).  Acute vision greatly increases the ability 
of a predator to distinguish between various prey types, and this ability is an essential 
component of having a preference for specific prey.  The development of prey 
specialisation is thus more likely to come about in a visually hunting predator (Li and 
Jackson, 1996b) than a predator that hunts based on tactile cues.  Spiders which hunt 
using tactile cues would be more likely to be generalists since they have to wait for 
prey to pass nearby to detect their movements and must strike in order to make an 
assessment of the prey, so since it has already subdued the prey, it may as well feed.  
On the other hand, visually hunting predators may detect and identify prey from a 
distance and this allows it to make the decision to pursue the prey or not.  Thus, 
salticids would make excellent models with which to test prey preference and 
foraging theory, since they hunt visually, they are small and relatively easy to 
maintain in large numbers and most importantly that salticids of this size have been 
shown to demonstrate complex predatory behaviours involving visual discrimination 
and active choice of a preferred prey type (see Jackson and Pollard, 1996) 
Predators may be specialised in catching certain types of prey by utilising 
specific behaviours or prey specific capture behaviour.  This is regardless of their prey 
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preference: a predator may manifest these prey specific capture behaviours even if it 
is a generalist predator (Morse, 1980; Fox and Morrow, 1981).  For example, a 
stenophagous predator, though it might have few prey types in its dietary repertoire,  
may or may not use prey-specific capture behaviour against these prey.  Also, a 
euryphagous predator may use generalized (unspecialized) prey-capture behaviour 
against all the various prey that it preys upon, or it may be versatile in its hunting 
tactics (Curio, 1976) and use a variety of disparate prey-specific (specialized) prey-
capture behaviours for the different types of prey in its broad diet (Li, 2000).  
While the vast majority of salticids are generalist predators of insects 
(Richman and Jackson, 1992), there are some salticids that have been shown to be 
highly specialised when it comes to preying upon particular groups of prey.  These 
have often been used as model organisms in testing predictions of OFT since they 
would appear to have fine-tuned their abilities to distinguish between prey types and 
go for their preferred prey.  In general there are three main types of prey that these 
salticids specialise on: other spiders (araneophagic salticids), ants (myrmecophagic 
salticids) and more recently it was discovered that some spiders specialise in preying 




Ants are the most abundant prey-sized arthropods in any habitat that salticids would 
inhabit (Hölldobler and Wilson, 1990; Jackson and Li, 2001), and yet even though 
most salticids feed on a wide variety of insects and arthropods, most would avoid 
encounters with ants because of their tendency to swarm and overpower enemies as 
well as their formidable defences such as powerful mandibles, acid sprays and 
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venomous stings (Wray, 1670; Eisner, 1970; Edmunds, 1974; Blum, 1981; 1992; 
Hölldobler and Wilson, 1990).  In spite of all this, some salticids still manage to 
overcome these obstacles to specialize in preying upon ants.  Furthermore, being 
social insects, ants are almost always found in large numbers concentrated within a 
small area, and any predator that can tap into this as a food source would have a great 
advantage indeed. 
Various species from nine different genera, Aelurillus, Chalcotropis, 
Chrysilla, Corythalia, Habracestum, Natta (formerly Cyllobelus), Siler, Xenocytaea 
(formerly Euophrys) and Zenodorus (formerly Pystira) (Edwards et al., 1974; Cutler, 
1980; Jackson and van Olphen, 1991; 1992; Li et al., 1996; Jackson et al., 1998; Li et 
al., 1999; Clarke et al., 2000; Jackson and Li, 2001; Huseynov et al., 2005) have been 
shown to consistently choose ants over other types of insect prey.  Prey capture 
techniques for these myrmecophages seem cautious, often involving multiple strikes 
to stab and release the ant (and presumably inject venom), especially for larger ants.  
Depending on the species, the myrmecophages would either pursue the ant, try to 
approach either head on or from the rear, or adopt an ambush position, and strike but 
not hold on to the ant, briefly penetrating the cuticle with its fangs.  The ant would 
then continue to move, and the spider would follow closely, repeating the strike and 
release tactic until some point where the ant appears noticeably weakened, whereupon 
the spider would hold on.  The number of strikes required usually depends on the size 
of the ant being attacked, with small ants only requiring one strike and larger ants 
requiring repeated (up to 6) strikes (Li et al., 1996; Jackson et al., 1998; Clarke et al., 
2000; Jackson and Li, 2001).  The tactics used also depends on which species is 
attacking the ant – heliophanines like Siler, Chrysilla, and Natta tend to attack from 
the rear and direct their stab-and-release sequences at the ant’s abdomen, whereas 
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euophryines like Euophrys, Chalcotropis, Corythalia and Zendora tend to prefer a 
head-on approach, and direct their attacks at the dorsal thorax (Li et al., 1996; Jackson 
et al., 1998). 
Myrmecophagic salticids are useful because they present a situation where a 
predator has overcome significant prey defenses to tap into a rarely utilized and yet 
abundant resource.  The unique behavioral adaptations required to overcome the ant 
defenses allow investigation into learning and cognition in salticids in addition to how 
preferences and prey-specific capture techniques are developed in response to 
predator defenses.  In addition to these, the myrmecophage-ant relationship could 
potentially be used to investigate patch-residence time in the context of optimal 
foraging, since this is one instance in which the resource or patch would effectively be 
limitless, and the spider would be very unlikely to impact the population of the chosen 
ant colony significantly.  Research in this area is not as prolific as in the other areas of 
prey-specialisation such as araneophagy, even though the number of araneophagic 
genera and myrmecophagic genera is the same (9 each, see Su et al., 2007  for a 
review of araneophagic genera).  The discrepancy in terms of work done in the 
respective areas could possibly be accounted for by the differences in complexity of 
behaviours necessary for each specialization: myrmecophages have relatively simple 
prey-specific capture techniques since their prey do not really have that wide a variety 
of defenses or rather niches as compared to the spider prey that araneophages prefer.  
The main advantage that ants have to discourage predators from feeding upon them is 
their numbers and swarming behaviour, and once this is overcome then feeding upon 
ants becomes relatively simple, and the focus of myrmecophagic salticid research 
cannot really be the same as for the araneophages.  Thus, the research focus should 
thus turn to using myrmecophages as a study model for patch-residence time in the 
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context of OFT (Charnov, 1976), and the first step would be to start to look at their 
behaviour in the field – do individuals re-visit the same ant colony each day or do 
they have a number of colonies in the vicinity that they take as part of their foraging 
territory?  What is the range of ant species that the various myrmecophages would 
take, and how is this limited – is each myrmecophage restricted to one or two ant 




A large volume of work has been performed on araneophagic salticids due to the fact 
that they chose such a dangerous prey to specialise upon.  In general, araneophagic 
salticids tend to belong to a single subfamily, the Spartaeinae, and are found in nine 
genera: Brettus, Cocalus, Cyrba, Gelotia, Holcolaetis, Mintonia, Neobrettus, 
Phaeacius and Portia.  While most of these genera have had only one or two species 
in them studied for araneophagy, one genus in particular, Portia appears to be 
uniform in their preference for spider prey (see Su et al., 2007 for review).  The major 
focus of araneophagic salticid behaviour has been on this genus for quite some time 
(Jackson and Pollard, 1996), and it would seem to be the epitome of an araneophagic 
salticid.  Spiders from this genus demonstrate strong preferences for web-building 
spiders as prey over all other prey types (Li and Jackson, 1996a; b; Li et al., 1997).  
They exhibit a wide repertoire of prey-specific capture behaviours that may be used in 
the hunting of web-building or other spiders such as aggressive mimicry where the 
spider sits at the edge of the prey spider’s web and lures the spider to the edge and 
within striking distance by stretching, plucking or striking the threads of the web with 
specialised leg, palp and abdomen movements to mimic struggling prey, a mate, or 
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even using wind to mask it’s own movements (Jackson, 1992; Wilcox and Jackson, 
1998; Tarsitano et al., 2000).  Among all the other species of Spartaeinae that practice 
this, Portia also appears to have the widest range of signals (Jackson and Hallas, 
1986), and seems capable of either luring prey closer or pacifying prey during it’s 
own approach (Jackson and Wilcox, 1998).  Portia may also enter the webs of other 
spiders without difficulty and regardless of the web type, to steal prey caught in the 
web or even from the chelicerae of the resident spider (Jackson and Blest, 1982).  
Often Portia would take up residence in the web after having consumed the host or its 
eggs (Jackson and Blest, 1982). 
Apart from aggressively mimicking web-spider’s prey, Portia is also capable 
of (and routinely does) take long detours to capture a particular prey item from a more 
favourable direction, especially against particularly dangerous prey (Jackson and 
Wilcox, 1993; Jackson et al., 1998; Tarsitano and Andrew, 1999).  Such detours 
include ‘reverse-route detours’ which require an initial movement in a direction away 
from the prey (Tarsitano and Jackson, 1994; 1997), especially where direct paths are 
unavailable (Tarsitano and Jackson, 1993), even to the point where the spider may 
occasionally lose sight of the prey being hunted (Jackson and Wilcox,1993). 
One species of Portia, P. fimbriata  from Queensland, Australia, has gone so 
far as to even have a strong preference for other salticids over other spider groups (Li 
and Jackson, 1996b), highly dangerous prey in that their vision is just as acute as 
Portia’s.  Other species of salticids probably only occasionally take salticid prey in 
passing, or as and when the opportunity arises, pretty much in the same manner that 
they stalk insects (Jackson, 1977), but only P. fimbriata appears to demonstrate 
specialized strategies in order to hunt salticids, rather than simply exploiting the 
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occasional opportunity.  This adaptation appears to be a local phenomenon, as Portia 
from elsewhere do not show this trend (Li et al, 1996b; Li et al., 1997).   
It was speculated that this could have arisen in response to selection under an 
environment in which cursorial salticids are very abundant (Jackson and Blest, 1982), 
but this goes against the prediction of OFT that “whether or not a food type should be 
eaten is independent of its abundance, and depends only upon the absolute abundance 
of food types of higher rank” (Pyke et al., 1977; Pyke, 1984).  In other words, the 
abundance of a prey item should not affect its rank in terms of the benefits it provides 
to the predator, hence it would be contrary to believe that Portia could have 
developed this preference for salticids simply through higher abundances.  This issue 
can be further extrapolated to question how araneophagy arose in this group in the 
first place, but this will be discussed later. 
Some species of araneophagic salticids such as Portia and Phaeacius are 
capable of adapting their prey-specific capture behaviour depending on the situation: 
Portia approaches different prey from various directions based on the level of danger 
that the particular prey presents to Portia (Harland and Jackson, 2006); and Phaeacius 
has been found to adopt more cautious approaches to prey depending on how 
conspicuous it is, or how dangerous the prey is (Li et al., 2003).  However, such risk-
related behavioural adjustments may tend to vary between different populations from 
different regions (Jackson et al., 2002). 
There are various areas in the field of araneophagic spiders that have been 
given little attention over the years, many dealing with fundamental processes that 
should be answered before proper progress can be made in other areas in the field.  
There is a large amount of evidence for the preference for spiders as well as the 
various methods used to hunt other spiders, but almost no work has been done on why 
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this should be the case.  For example, what are the benefits that Portia derives from 
hunting such dangerous prey?  Spiders are nowhere near as abundant as other insect 
prey – being a predator, it would take more insects than spiders for the populations to 
be sustained.  Other spiders are also much more dangerous prey than insects, and 
often the hunter might end up being a meal for the prey.  From an evolutionary 
standpoint, it would take much specialization before such behaviours could be 
successful – the odds are stacked against such a behaviour evolving, and without 
some overwhelming advantage that this behaviour brings it would be difficult to see 
how it can come about.  Other specialist predators have some basis: with regards to 
myrmecophagic spiders, ants are the dominant arthropods in the size range of the prey 
normally taken by salticids (Hölldobler and Wilson, 1990; Li and Jackson, 1996a) so 
any predator that can get past ant defenses has access to virtually unlimited prey 
clustered within a small area.  Evarcha culicivora appears to choose blood-fed 
mosquitoes (Wesołowska and Jackson, 2003) supposedly for the increased nutrients 
that blood contains (Jackson et al., 2005), although the benefits derived from blood 
has yet to be tested empirically.  Furthermore, mosquitoes are relatively harmless to 
spiders, unlike ants or other spiders.  Araneophagic spiders, on the other hand, do not 
demonstrate any immediately obvious benefit from feeding on other spiders. 
Often, it is assumed to be some crucial nutrient that perhaps is present in 
higher concentrations in, or is unique to spiders, but this has yet to be directly shown 
in current work.  There has been some work that shows that Portia develops best 
when raised on a diet of spiders (Li and Jackson, 1997), but this has not been further 
investigated to show what in particular about other spiders produces this result. 
Another question that arises from these works is that does this factor that 
influences the growth of Portia affect other spiders similarly, or is this high growth 
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rate on a diet of spiders unique to Portia?  Mimetids, the other group of spiders that 
specialize in preying upon web-building spiders, have yet to be shown to grow better 
when maintained on a diet of other spiders.  It could be hypothesized that all other 
salticids or perhaps even spiders in general might benefit from eating other spiders, 
but that on the whole, spiders prove too dangerous prey to specialize upon.  If this 
were the case, OFT would predict that more spiders would turn to araneophagy over 
time, rather than being limited to a few small groups of salticids.  It is generally 
assumed that most other spiders would occasionally take spider prey if the 
opportunity presents itself, but few have reached the stage where they actively hunt 
spiders. 
Jackson and Blest (1982) outlined a possible evolutionary scenario in which 
Spartaeines or what could be considered a proto-salticid would have started out as 
web-building spiders that regularly invaded the webs of adjacent web-building spiders 
to prey upon them.  It was then postulated that improved eyesight would have 
conferred a marked advantage to the proto-salticids, since arthropod vision responds 
more to movement and a stationary prey would be virtually invisible.  Improved 
eyesight would allow the proto-salticid to see a web-building spider that remains 
motionless in the middle of its web and hence be better able to stalk it.  From this line, 
all subsequent salticids would have lost this predatory behaviour of web-invasion.  
This hypothesis was later shown to be unviable, as araneophagy and web invasion 
only appears in the more recently evolved groups of Spartaeines (Su et al., 2007), 
hence their alternative hypothesis would be more likely: that salticids must have 
evolved without ever going through a stage in which web-invasion was part of the 
behavioral repertoire of the proto-salticid.  This paves the way for further 
investigation into the origins of the Salticidae, but unfortunately leaves unanswered 
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the question of how araneophagy and the complex behaviours associated with it arose 
within the Spartaeinae.  One avenue that could be explored is the similarities between 
the araneophagic Spartaeines and the Pirate spiders, which may give some clue to the 
origins of this behaviour. 
Spider cognition is seldom viewed as a valid or “scientific” topic despite 
mounting evidence demonstrating the complexity of spider (or salticid) behaviours 
(Harland and Jackson, 2000).  In all likelihood, the main reason behind the reluctance 
to concede that such complex cognition is possible in jumping spiders is simply their 
size: conventional wisdom indicates that complex behaviour comes about through 
brain complexity, and this in turn is commonly associated with brain size.  Although 
salticids are thought to have larger brains than other spider families (Meyer et al., 
1984), compared to other animals showing similar cognitive capabilities, they have a 
very limited number of neurons devoted to processing the information received from 
the primary eyes.  In order for salticids to have such detailed vision, the eye-tubes of 
the principle eyes take up much of the space within the cephalothorax of salticids 
already, leaving even less volume available for the brain.  It has been admitted by 
workers in the field that salticids are somewhat “slow on the uptake” (Harland and 
Jackson, 2000): the spiders can, given enough time, do all that is claimed in the 
literature, but it takes a significant amount of time in which the spider is scanning 
using its eyes and processing the information it receives.  Hence it would stand to 
reason that the processing power of the salticid brain is limited, and being taxed to 
come up with the behaviours that are observed.   
Therefore, one area that should now be directly addressed is how salticids are 
coming up with such complex predatory behaviour using so few neurons.  It is 
insufficient to present mountains of evidence showing that salticids are capable of 
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such and such when the basic question or assumption that these behaviours require 
more neurons than are available to them is addressed.  It would appear that work on 
the genus Portia has reached such a stage where all the evidence is available to 
indicate complex predatory behaviour, and is ready to move on to how the 
information is processed inside Portia’s brain to achieve these behaviours.  Other 
salticids may follow, but none have yet accumulated sufficient data showing that their 
behaviour is as complicated as that shown by Portia.  As yet, the literature only 
demonstrates Portia’s various capabilities with some speculation as to how it achieves 




In recent years there have been a couple of discoveries of salticids that appear to 
specialise in preying upon mosquitoes.  Evarcha culicivora is a new species of salticid 
described by Wesołowska and Jackson in 2003, and it has been shown to have a very 
prominent preference for blood-carrying female mosquitoes (Jackson et al., 2005; 
Nelson and Jackson, 2006), and that this species also employs prey-specific capture 
behaviours, even to the extent of having different tactics for newly hatched or juvenile 
spider and adults (Nelson et al., 2005).  It is currently thought that this species is 
specifically attracted to feed on this prey because of the blood within – spiders detect 
their preferred prey by visual as well as olfactory cues that clearly show a preference 
for mosquitoes that have just had a blood-meal (Jackson et al., 2005), and various 
hypotheses have been proposed as to why this should be the case (see Pollard, 2003-
2004).  Blood-fed mosquitoes tend to rest on walls of the dwellings where E. 
culicivora lives, and also tend to be somewhat sluggish, making them easy prey for 
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the spider – walls offer little concealment from a visually hunting predator.  Blood is 
also an ideal food for fluid-feeding spiders – highly nutritious and already in liquid 
form, all the spider need do is to find blood that has already been safely extracted 
from vertebrates.  Currently, much work is being done on this spider as a predator of 
malaria vectors (Nelson and Jackson, 2006). 
Another species of apparently culicivorous spider, Paracyrba wanlessi, was 
described in 1996 by Żabka and Kovac.  Paracyrba wanlessi is a medium sized 
salticid, with prominent black and white markings on the abdomen and legs in both 
sexes (see Fig. 1-1 and Fig. 1-2).  In their paper, P. wanlessi was described as a 
specialist inhabitant of the internodes of fallen bamboo culms, particularly of the 
species Gigantochloa scortechinii and G. ligulata, and is thought to be widespread 
throughout Peninsular Malaysia.  More interestingly, it was observed that these 
spiders had a penchant for aquatic prey, and was able to fish them out of the water – 
an ability that is thus far unique in the salticid world (although other groups have been 
shown to prey upon mosquito larvae, see Breene et al., 1988).  In addition to this, a 
large proportion of the terrestrial prey taken by P. wanlessi was adult mosquitoes.  
This species of spider has been relatively poorly studied, and much more work needs 
to be done to elucidate if any real preference exists. 
With respect to targeting mosquitoes as prey, unlike ants or other spiders, 
mosquitoes are a relatively safe prey to target – no dangerous stings, mandibles or 
fangs, only a proboscis not designed to penetrate arthropods exoskeleton.  In most 
instances, it would not be necessary for culicivorous spiders to develop any prey-
specific capture behaviours because the prey does not present much danger except to 
smaller juveniles which may take longer to subdue the mosquito or get shaken off (see 
Nelson et al., 2005), and capture behaviour is the same as for any other flying insect.  
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The only problem would be access to sufficient numbers of these prey, which both 
species seem to have solved in different ways – E. culicivora was typically found 
around or near mosquito-infested human dwellings, while P. wanlessi remains close 
to a small water body which is highly likely to attract mosquitoes to breed.  In 
addition to potentialities for applications with relation to mosquitoes as a human 
disease vector, the study of these two organisms might also provide insights into the 
origins of prey preference in salticids and animal cognition. 
The focus of this thesis is the less studied of the two culicivorous salticids, P. 
wanlessi.  Various aspects of P. wanlessi’s behaviour, habitat and growth were 
studied using field observations as well as laboratory experiments in order to verify 
that P. wanlessi is indeed culicivorous, since preference cannot be determined based 
upon diet (Morse 1971, 1980; Fox and Morrow 1981; Jackson, R. R., pers. comm.; Li 
and Jackson, 1996a; b), and also to determine if this preference translates to any 
increased fitness in terms of growth and survivorship.  This will then be discussed in 
the context of OFT, spider cognition and prey preference. 
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Fig. 1-1. Adult female Paracyrba wanlessi 
 




Prey preference of Paracyrba wanlessi  
 
ABSTRACT: Spiders are commonly envisaged as generalist predators, but recent 
studies have shown that certain species of jumping spiders (Araneae: Salticidae) have 
a pronounced prey preference towards particular prey types.  Paracyrba wanlessi, a 
salticid from the subfamily Spartaeinae, is known to feed on a large proportion of 
mosquitoes in nature as well as have a penchant for feeding upon aquatic mosquito 
larvae.  However, it is currently unclear if the observed proportion of both adult and 
larval mosquito prey taken in nature is indicative of an actual prey preference or if it 
is merely due to the relative abundance of various prey types in their natural habitat.  
Furthermore, there is another salticid, Evarcha culicivora that is known to have a 
strong preference for blood-fed female mosquitoes, and it is unclear if P. wanlessi 
will show similar tendencies.  In this chapter, I performed a series of prey choice tests 
using both male and female adult P. wanlessi to examine: (1) If they showed a 
preference for mosquitoes to other insects as prey. (2) If P. wanlessi preferred blood 
fed to non-blood fed mosquitoes. (3) If P. wanlessi preferred hunting terrestrial or 
aquatic prey.  (4) If P. wanlessi is able to distinguish between or prefers either of two 
different species of mosquitoes.  (5) If hunger levels affected any of these prey 
preferences.  The results demonstrated that P. wanlessi showed a distinct preference 
for adult female Aedes albopictus mosquitoes over both fruit flies and cricket nymphs, 
and hunger level did influence this preference, but with varying effects for males and 
females and the different prey types.  However, P. wanlessi did not have any tendency 
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to prey upon blood fed mosquitoes, and contrary to expectations, it had no preference 
for aquatic prey and actually strongly preferred terrestrial prey.  The results of this 
study have implications for the testing of predictions of Optimal Foraging Theory as 
well as animal cognition in small invertebrates, with some possibilities of potential 




One of the most basic tenets of optimal foraging theory (OFT) is that predatory 
behaviour is shaped by natural selection (Stephens and Krebs, 1986).  Natural 
selection would streamline the foraging process such that a predator behaves in such a 
way as to maximise its prey catching efficiency.  However, there are limitations on 
the efficiency that can be achieved, primarily brought about through the sensory and 
cognitive capacities of the predator (Yoerg, 1991; Dukas and Ellner, 1993; Nishimura, 
1994; Belisle and Cresswell, 1997; Dukas, 1999).  Increasing the efficiency of 
foraging behaviour involves being able to discriminate between various prey types 
and choosing the prey that presents the best profitability to the predator, hence 
maximizing its fitness (Stephens and Krebs, 1986).  Profitability of the prey depends 
on the amount of time required to handle the prey and the amount of energy that the 
predator derives from this prey.  Furthermore, it is implied in the theory that the 
predator must be able to rank the available prey from most to least profitable, the 
former being those with the highest ratio of energy available to handling time 
(Stephens, 1990).  Prey rank order has been shown to be dependant not simply on the 
mean but also the variance of net energy intake associated with each type of prey: 
predators that are starving will benefit more from a diet with greater variance and vice 
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versa (‘risk-sensitive foraging theory’: Oster and Wilson, 1978; Caraco et al., 1980; 
Houston and McNamara, 1985).  OFT predicts that predators will only take lower 
ranked prey when the abundance of more profitable prey drops (Pyke, 1984).  Taken 
together, these indicate that when a predator is well fed and there is an abundance of 
high ranking prey, the predator will be more specialised in terms of the prey it takes 
and will select only high ranked prey, but when the predator is starved and high 
ranking prey are scarce then the predator will be more willing to take prey that are 
lower down on the ranking scale.  
Specialist predators present an unusual situation for these theories as 
compared to generalist predators.  It would appear that the ranking structure of prey 
profitability is inherently different between these two predator types: specialists 
appear to have one or a few prey that are highly ranked and are more unwilling to 
switch from these to lower ranked prey; whereas generalists either have most prey 
similarly ranked or are simply more willing to take prey of lower rank.  Specialist 
predators with a particular prey preference or a specialised diet are thus ideal 
candidates to test the predictions of these models. 
Traditionally, spiders have been envisaged as generalist predators (Bristowe, 
1942; Wise, 1993; Dent, 2000) but there has been a growing amount of evidence 
showing otherwise (Nentwig, 1986).  Jumping spiders (Salticidae) are an ideal 
candidate for prey specialisation because of their excellent eyesight and complex 
predatory behaviour (Heil 1936; Drees, 1952; Forster, 1982; 1985; Land, 1969a; b; 
Blest et al., 1990; Jackson and Pollard, 1996).  One primitive subfamily of salticids, 
the Spartaeinae (Wanless, 1984), has a fairly large number of species that demonstrate 
prey specialisation, specifically araneophagy or spider-eating (Jackson and Blest 
1982; Jackson and Hallas 1986a, b; Jackson 1990a, b, c; Li, 2000).  These spartaeines 
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not only have very strong prey preferences for spiders over insects (Li and Jackson, 
1996a; b; Li et al., 1997; Jackson and Li, 1998; Jackson, 2000), they also show some 
very distinct prey-specific capture behaviours towards spiders (Jackson, 1992a; b). 
The spartaeine genus Paracyrba was erected just over a decade ago by Żabka 
and Kovac (1996) and contains just one species, Paracyrba wanlessi.  These spiders 
are found residing within the internodes of fallen bamboo culms, particularly of the 
species Gigantochloa scortechinii and G. ligulata, and are thought to be widespread 
throughout Peninsular Malaysia (Żabka and Kovac, 1996).  All evidence suggests that 
P. wanlessi is a specialist inhabitant of bamboo internodes, as it has never been found 
in any other microhabitat despite considerable sampling effort in potential 
microhabitats such as tree cavities, pitcher plants, small puddles, spraywater pools 
(Żabka and Kovac, 1996) as well as among shrubs, other common spartaeine habitats 
like tree trunks, between the buttress roots of large trees and leaf litter on the forest 
floor (personal observations).   
In addition to being a specialist inhabitant of bamboo internodes, Żabka and 
Kovac (1996) reported that P. wanlessi had a very unusual habit of preying upon 
aquatic denizens of phytotelm communities: 48.9% of their diet in the wild consisted 
of aquatic organisms, three quarters of which were larvae and pupae of mosquitoes.  
This behaviour is novel amongst the Spartaeinae and even the salticids, although 
some other groups of spiders have been shown to prey upon mosquito larvae, such as 
lycosids and pisaurids (Breene et al., 1988).  In addition, adult mosquitoes made up 
the largest proportion of terrestrial prey caught by P. wanlessi (18.6%, Żabka and 
Kovac, 1996).  The reported diet in the wild gives some indication that P. wanlessi 
may have a preference for aquatic mosquito larvae and adult mosquitoes.  Given that 
this subfamily has some history of prey-specialisation there is a possibility that P. 
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wanlessi will demonstrate similar tendencies.  However, there is little indication that 
P. wanlessi is specifically araneophagic, as they often cohabitate in the same 
internodes as web-building spiders (particularly theridiid spiders) for many weeks 
without preying on them, and the number of spiders taken are few (4 individuals 
including conspecifics, Żabka and Kovac, 1996). 
Paracyrba wanlessi is not the only salticid that appears to have a penchant for 
preying upon mosquitoes.  Evarcha culicivora is a new species of jumping spider 
found in East Africa, and both field data (Wesołowska and Jackson, 2003) and 
laboratory experiments (Nelson et al., 2005; Nelson and Jackson, 2006) show that E. 
culicivora has a strong preference for adult female mosquitoes, even to the extent of 
being able to distinguish between mosquitoes that have been blood fed and sugar fed, 
and has a strong preference for the former (Jackson et al., 2005).  If P. wanlessi has a 
preference for mosquitoes as hypothesized, there is a possibility that it might have 
similar preference for mosquitoes that have been blood fed.  It is currently unclear 
why a spider would single out blood fed from non-blood fed mosquitoes, but there is 
some speculation that vertebrate blood is a rich source of food, especially since when 
it has been ingested by a mosquito, all the solid components have been reduced to 
liquids, saving the spider the trouble of having to break it down externally (Pain, 
2002; Pollard, 2003-2004).  If E. culicivora can benefit from having such a 
preference, perhaps the same could be applied to P. wanlessi, and a preference for 
blood-fed mosquitoes could be common in all specialized mosquito-eating jumping 
spiders. 
E. culicivora was also able to distinguish between different species of 
mosquitoes based on their resting posture (Nelson and Jackson, 2006).  While it 
would seem unlikely that P. wanlessi would show similar tendencies because its 
 31
habitat does not preclude any one type of mosquito from laying its eggs within, the 
possibility should be explored.  
The objective of this study was to determine if P. wanlessi has any preference 
for mosquitoes, and also their preferred hunting mode: does this species prefer aquatic 
or terrestrial prey; and lastly if P. wanlessi shows a similar tendency to E. culicivora 
in its preference for blood fed mosquitoes.  Based on the data of their diet in the field, 
I hypothesized that P. wanlessi would have a preference for preying upon aquatic 
organisms and it would have a preference for mosquitoes over other insects.  
Regarding blood fed mosquitoes, my hypothesis is that P. wanlessi would choose the 
blood fed mosquito for the reasons mentioned above, and also because it was 
observed that blood fed mosquitoes were more sluggish and therefore likely to be an 
easier prey (Roitberg et al., 2003; Jackson et al., 2005) as well as being more 
prominent, having an engorged red abdomen.  I also hypothesize that P. wanlessi 
would not be able to distinguish between different species of mosquito, for the 
abovementioned reasons. 
For these initial experiments with P. wanlessi, it was first necessary to 
establish the presence or absence of any preference through the use of prey choice 
tests using living prey.  Considerations of proximate or ultimate causes of their 
choices and preference were not the main objective of the experiments here, hence it 




MATERIALS AND METHODS 
 
Collection and maintenance of spiders 
 
Both juvenile and adult Paracyrba wanlessi were used, with slight variations in the 
variety of tests performed.  All spiders used were either caught from the field or 
obtained from laboratory cultures established from the field.  Field caught P. wanlessi 
were collected from Ulu Gombak Field Studies Centre (University of Malaya) in 
West Malaysia, Selangor Darul Ehsan from April 2004 to May 2006.  Spiders were 
collected by hacking open fallen bamboo culms with a machete to access the 
internodes.   
Paracyrba wanlessi is commonly found in the fallen culms of G. scortechinii 
clumps along the banks of a large stream, Sungei Gombak.  The spiders are only 
found inhabiting bamboo clumps which are 5 to 30 m away from the banks of the 
stream, clumps nearer or farther from the stream beyond this band tended to have few 
spiders.  
All spiders were housed individually in opaque plastic cages (65 mm × 65 mm 
× 105 mm for field caught spiders or 100 mm × 90 mm diameter for lab cultured 
spiders) in the laboratory under controlled temperature (25 ± 1ºC), relative humidity 
(70-80%) and a 12L: 12D photoperiod. Moisture was provided via cotton rolls fitted 
through a hole at the base of each cage, which constantly drew water from plastic 
cups filled with water (for basic cage design, see Jackson and Hallas, 1986a). Cages 
were cleaned once every fortnight to remove prey remnants and excreta. 
Laboratory cultured spiders were reared from hatchlings and fed once a week 
on a mixed diet of Drosophila melanogaster, blood-fed as well as non blood-fed 
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female Aedes albopictus (one prey type each week on a rotational basis) until they 
reached maturity, whereupon they were fed on a similar regime as the adult field 
caught spiders.  All adult spiders were fed once weekly with various different prey 
types including larval and adult Ae. albopictus or Culex quinquefasciatus (both blood-
fed and non blood-fed mosquitoes were used), D. melanogaster or cricket nymphs 
(Acheta domesticus, body length ≈ 2-3 mm). This was to prevent habituation of 
spiders to any particular prey, which might affect the outcome of the prey preference 
tests (food imprinting, see Punzo, 2002). Mosquitoes (both larvae and adults of all 
species) and D. melanogaster were obtained from laboratory cultures while cricket 
nymphs were purchased from local pet stores.  
 
Prey choice experiments: General testing procedures 
 
Forty juvenile (mean body length: 4.4 ± 0.2 mm), 50 male and 50 female adult P. 
wanlessi were used in all prey preference experiments. Female spiders with egg sacs 
or offspring in the cages were not used for testing since the nutritional requirements of 
these spiders are very likely different and thus hunger levels cannot be properly 
controlled.  The age of field caught spiders could not be determined, but testing 
commenced approximately one month after the spiders were collected from the field 
to allow them to acclimatise to laboratory conditions.  Laboratory cultured spiders 
were tested 1-2 months after reaching maturity, or two weeks after reaching the 
appropriate size for testing.  All tests were conducted under controlled laboratory 
conditions (see above) from 0800h to 2000h. 
To test the prey preference of the spiders, a protocol adapted from Li, Jackson 
and Cutler (1996) was used.  Spiders were presented with a choice between two 
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different prey items at two different hunger levels: 7 days (well-fed) and 14 days 
(starved) after their last feeding.   The final meal prior to each test consisted of two 
individuals each of the two prey types being tested (four prey in total).  Feeding the 
spiders with equal numbers of both prey types to be tested negates any effect that may 
come about through residual food imprinting (Punzo, 2002) from the last meal.   
Optimal diet theory predicts increasing hunger levels should diminish the prey 
preference of predators (Oster and Wilson, 1978; Caraco et al., 1980; Pyke, 1984; 
Houston and McNamara, 1985; New, 1991) and it has also been reported that prey 
preference breaks down when spiders are deprived of food for longer periods (Jackson 
and van Olphen, 1991; 1992; Li, 2000).  Hence, the strength of the preference may be 
inferred based upon the extent to which the preference is diminished under the starved 
condition. The well-fed and starved conditions outlined above have been previously 
used in various other salticid studies (Jackson and van Olphen, 1991; 1992; Li and 




Testing was conducted in a 100 × 100 × 50 mm arena for terrestrial insect prey 
(see Fig. 2-1). The floor and ceiling of the arena were made of transparent removable 
glass panels, and three of the arena walls were made of opaque white plastic while the 
last wall facing the observer (forward facing wall) was made with transparent plastic 
for ease of observation.  The forward facing wall also had a 15 mm diameter hole 
centrally located, and it was through this that the spider was eventually introduced 
into the arena.  A transparent syringe (5 ml capacity, Terumo® syringe) with the 
nozzle removed was attached to the hole and the plunger inverted such that it could be 
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used to push the spider into the arena while at the same time plugging the hole such 
that the surface was flush with the rest of the arena wall.  Prior to the introduction of 
the spider into the arena, the entrance was blocked using a piece of sponge to prevent 
the spider from entering the arena of its own accord and also preventing premature 
interaction between the spider and the prey.  A total of ten such arenas were used, 
with five spiders being tested simultaneously (i.e. two sets of arenas, with only one set 
in use for each trial).  At the end of each trial, the arenas were cleaned with 75% 
ethanol to remove any traces of pheromones or silk left by the previous occupant, and 
then allowed to dry for the duration of the next trial. 
Testing prey choice between an aquatic prey and a terrestrial prey presents an 
unusual set of problems regarding how to present the two prey items to the spider in a 
manner that is not biased towards either of the two prey types.  Thus, for aquatic prey, 
a modified arena (100 × 100 × 25 mm) was used which had a centrally located square 
pool (71 × 71 × 10 mm depth, 20 × 20 mm base)  with sloping sides to allow the 
spider access to the aquatic prey (see Fig. 2-2).  The height of the arena was kept to a 
minimum in order to limit the airspace above the arena floor so that the flying space 
for the terrestrial prey is limited to an almost 2-dimensional area.  This would make it 
more comparable to the 2-dimensional surface of the pool.  The surface area of the 
pool was kept the same as the area of the perimeter surrounding it, thus, in 
combination with the 2-dimensional space allowed for the flight of the terrestrial prey, 
the effective area in which the spider could be exposed to either prey is the same – 
50% terrestrial surface, 50% aquatic surface.   
Prior to each trial, one individual each of the two insect types being tested 
were placed inside the arena, and the spider was put into the plastic syringe connected 
to the arena and left for at least 10 min to acclimatise and settle down.  At the start of 
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the trial, the sponge was removed and the spider allowed to enter the arena, then the 
entrance plugged up with the syringe plunger.  The spider was then observed for 30 
min to see if it struck at either of the two prey types being tested.  It was not necessary 
for the spider to actually catch the prey, since the act of striking at the prey should 
constitute a choice made.  While the initial strike was taken as the main criterion of 
choice, the trial was continued till the end of 30 min to see if the spider made any 
further attempts to catch either prey, or if the first strike was successful, would the 
spider still go after the other prey or drop the captured insect to pursue the other prey. 
Furthermore, additional observations were made as to how far away from the prey the 
spider began to stalk it and these were categorized into short (5–25 mm away), 
medium (25–50 mm away) and long (>50 mm away) range stalking.  At the end of 30 
min, if the spiders were stalking a prey then they were allowed to continue until either 
they struck at the prey or lost interest.  Once a trial ended, the arenas were cleaned 
with 75% ethanol to remove any chemical cues left by the spiders.  Spiders that did 
not make a choice within the time limit were re-tested after being given a break of at 
least one h.  Spiders that did not make a choice after multiple trials were tested again 
the day after (i.e. at day 8 or 15 after their initial feeding, instead of the normal day 7 
and 14), but if subsequently no choice was made then the spiders were fed the initial 




To test whether P. wanlessi had any preference for adult mosquitoes over 
other terrestrial insects, two combinations of prey were used: D. melanogaster vs. Ae. 
albopictus, and A. domesticus nymphs vs. Ae. albopictus.  Only adult female non 
 37
blood-fed mosquitoes were used since subsequent tests were conducted on blood-fed 
against non blood-fed female mosquitoes and it was necessary to exclude male 
mosquitoes, but no effort was made to distinguish the sex of D. melanogaster or A. 
domesticus individuals.  These prey were chosen primarily as they are all terrestrial 
insect prey with related species sympatric with P. wanlessi, although in the case of the 
crickets and D. melanogaster, they would be found outside the bamboo internode 
microhabitats of P. wanlessi.  Although Kovac and Streit (1996) did not find D. 
melanogaster or A. domesticus within the bamboo internodes, one instance of P. 
wanlessi feeding upon an orthopteran (grasshopper) was reported by Żabka and 
Kovac (1996), and one other incident of P. wanlessi feeding on what appeared to be a 
cricket nymph in the wild was observed personally.  Thus, A. domesticus was chosen 
as a land-based (crawling) terrestrial prey and D. melanogaster was chosen as a 
terrestrial prey capable of flight.  The choice of these prey types for the above reasons 
allows comparison between two different flying insects, and a flying vs. a land-based 
insect.  The land-based insect could also be compared to mosquito larvae, as these are 
limited to the water body, a roughly 2-dimensional surface if the pool is shallow.   
It has been reported that another mosquito-eating salticid from Kenya, 
Evarcha culicivora is capable of distinguishing between and shows strong preferences 
for blood fed over non-blood fed mosquitoes (Jackson et al., 2005; Nelson et al., 
2005; Nelson and Jackson, 2006).  Thus, in order to determine if P. wanlessi has 
similar abilities and preferences, the spiders were tested using blood fed and non-
blood fed female Ae. albopictus mosquitoes.  Only adult spiders were used in these 
tests.  Mosquitoes were maintained using 10% sucrose solution with vitamin B 
complex and the blood fed mosquitoes were allowed to feed on Swiss albino mice 
immediately prior to testing. 
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Juvenile spiders were also presented with two different species of mosquito: 
Ae. albopictus and Culex quinquefasciatus in order to test if P. wanlessi was capable 
of distinguishing between the two, or adopts any prey-specific capture behaviours 
towards either (see Nelson et al., 2005).  Both Cx. quinquefasciatus and Ae. 
albopictus are tree-hole mosquitoes (Becker et al., 2003), with a habit of breeding in 
habitats similar to that of P. wanlessi and were often prey to P. wanlessi in the field 
(Żabka & Kovac, 1996).  This test was not performed on adult P. wanlessi based on 
preliminary data from the experiments on juveniles. 
To determine the preferred hunting mode of P. wanlessi (hunting terrestrial or 
aquatic prey), the preferred terrestrial prey (adult non-blood fed female Ae. albopictus 
mosquitoes) was tested against a common aquatic prey (larval Ae. albopictus 
mosquitoes) in a specially designed arena (see above).  While it is unclear if this 
actual species of mosquito is present in the spider’s habitat, the sub-genus which 
includes this species, Ae. (Stegomyia), was found in the bamboo internodes (Kovac 
and Streit, 1996). Thus, we can be reasonably certain that the natural diet of P. 
wanlessi would include either Ae. albopictus or a close relative.  Only adult spiders 
were used in these tests.   
Due to the differences in body morphology of the various types of prey 
combinations tested, each pair of prey used in every test was weighed and its total 
body length measured to ensure that the size and weight of prey offered to the spiders 
was as similar as possible. 
All experiments were conducted in the laboratory under controlled conditions 
(temperature: 25 ± 1ºC, relative humidity: 70-80%) from 0900 h to 1900 h with a 
400W fluorescent tube positioned 45 cm overhead to light up the entire apparatus, 
while fluorescent ceiling lights provided additional ambient lighting.   
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Data analysis 
For this study, all data were analysed by using χ2 tests for goodness of fit (null 
hypothesis: the two choices are made equally often (Zar, 1999).  All tests were run 


















Fig. 2-1. Schematic diagram of test arena (top-down view) used in live prey choice 
tests for terrestrial prey pairs. A. Testing arena. The two prey types to be tested are 
introduced into this area first before allowing the spider to enter at a later time. B.  
Attached chamber with a blocked connection to allow a spider to be detained until the 
appropriate time.  When the spider is allowed to enter, some individuals occasionally 


























Fig. 2-2. Schematic diagram of test arena used to test terrestrial prey against aquatic 
mosquito larvae. A. Top-down view.  Aquatic larvae are placed in a pool filling the 71 
mm square depression in the middle of the arena.  The pool has sloping sides down to 
a 20 mm square base. B. Side view of the arena showing the depth of the pool with 
sloping sides and also the entrance where the spider is allowed to enter the arena and 






















Prey behaviour and prey-catching behaviour of Paracyrba wanlessi 
 
Stalking patterns in general 
 
When P. wanlessi observes a potential prey, the spider initially orientates its 
cephalothorax to focus its anterior median eyes on the prey.  Once the spider has 
confirmed that the prey is worth pursuing, its entire body would be aligned towards 
the prey and it would proceed closer in short bursts of speed, traveling 30-40 mm 
closer to the prey with each burst and stopping to re-assess the prey’s position before 
continuing. When the spider approaches to about 20-30 mm away, it either assumes 
striking posture or very slowly approaches the prey even closer with its body lowered.  
Striking posture for P. wanlessi is characterized by the first three pairs of legs facing 
forward, and the last pair facing backwards.  When striking, the spider lunges at the 
prey and extends all three pairs of legs to form a “basket” encircling the prey to 
prevent its escape.  Strikes are often lunging (rear legs do not leave the substrate) 
more than leaping (all legs leave the substrate), and the application of a dragline to the 
substrate is not as prominent as in other salticids but on occasion when the spider 
made a leap from the ceiling, it was seen to hang from a dragline afterwards.  The 
predatory sequence follows closely that described by Forster (1977, 1982) for salticids 
in general of ‘orientation’ followed by ‘pursuit’ and finally ‘attack-capture’. 
Observing the spider assume striking posture is insufficient to conclude that 
the spider had made a choice as the spider might assume this posture but not strike at 
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a motionless prey, sometimes even losing interest in the prey and resuming normal 
locomotion. 
Jackson and van Olphen (1992) described a drastic change from a complete 
lack of interest in the prey to all out pursuit in ant-eating jumping spiders that they 
termed “sudden activation”.  Sudden activation may not apply to P. wanlessi as the 
spider seldom switched from disinterest to sudden interest.  Either the spider remained 
disinterested throughout the duration of the test despite having observed both prey, or 
once the spider noticed the presence of prey (e.g. the sudden movement of a mosquito 
flying), only then did it pursue the prey.  Rarely did the spider observe the prey and 
only later on demonstrate interest, although this did happen a few times. 
 
Reactions of P. wanlessi to prey movement 
 
Aedes albopictus vs. Drosophila melanogaster.  The movements and activities of 
each prey species being tested here was quite different. Female mosquitoes tended to 
rest on the arena walls for the majority of the test duration, with occasional bursts of 
flight activity especially after it had been disturbed either by the fruit fly or the spider.  
The mosquitoes would also rarely crawl along the walls or floor of the arena, or 
remain stationary and groom themselves using their hind legs.  On the other hand, 
fruit flies seldom stopped crawling along the walls and floors of the arena, with 
occasional bursts of flight, the instigating factor for which could not be discerned. 
Paracyrba. wanlessi could be seen to observe the movements of the fruit fly 
with little or no reaction other than turning the cephalothorax to follow its 
movements. In fact, fruit flies could wander underneath or between the legs of a 
stationary spider and yet elicit little or no reaction.  Mosquitoes tended to initiate 
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chasing behaviour when they fly, and the spider would follow the stalking sequence 
described above.  The stalking sequence is modified according to the distance flown 
by the mosquito – if the flight is prolonged, the spider may pursue it for the duration 
of the flight until the mosquito lands (only rarely did the spider perform a mid-air 
strike on flying prey), or the spider would strike as the mosquito flew past.  If the 
mosquito only flies a short distance then the spider will approach and stalk as per 
normal. 
 
Aedes albopictus vs. Acheta domesticus.  Cricket nymphs demonstrated similar 
behaviour to fruit flies, in that they were very much more active than the mosquitoes.  
The crickets spent approximately two thirds of the duration of the test crawling 
around the arena base, and the remaining time stationary, sometimes grooming 
themselves.  However, crickets showed fewer instances of explosive movements as 
compared to fruit flies sudden bursts of flight.  The only times when such movements 
took place were when the cricket was jumping away from the spider after having been 
attacked.  These were somewhat more predictable and not as random as fruit flies 
taking flight, and this had implications for P. wanlessi’s ability to catch them. 
Paracyrba wanlessi would demonstrate similar attitudes when confronted with 
a constantly moving cricket and a crawling fruit fly.  Occasionally, spiders could be 
seen observing the moving crickets but not making any move to stalk the prey. 
 
Blood fed vs. Non-blood fed female Aedes albopictus.  While non-blood fed 
mosquitoes that have been used in all the other tests so far proved to be relatively 
inactive as compared to the other prey they were tested against, blood fed mosquitoes 
proved to be even more inactive.  Mosquitoes that had recently taken a blood meal 
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were observed to rest stationary on the walls or floor of the tank to digest their blood 
meals, and similar behaviour was observed when these blood fed mosquitoes were 
placed in the testing arena.  Blood fed mosquitoes seldom moved at all, even crawling 
along the floor or walls of the arena, or to groom themselves.  In fact, unless they 
were disturbed by the non-blood fed mosquito or the spider, the blood fed mosquitoes 
would remain motionless for the entire duration of the trial.  This had implications for 
the ability of the spider to notice these prey. 
 
Adult female vs. Larval Aedes albopictus.  Larvae were seen to move sporadically 
throughout the duration of the trial, sometimes drifting or just hanging at an angle 
near the water surface in the middle of the pool, at other times wriggling along the 
periphery of the pool or in the corner.  Occasionally a larva would wriggle along the 
bottom of the pool, or just hang vertically at the bottom for some time. When 
disturbed (such as when a spider struck at the larva) they would wriggle more 
vigorously, but the direction that the larva ended up moving appeared random. 
While the spiders could be seen orientating towards the movements of the 
larvae in the pool, seldom did this translate into actual stalking of the larva or attempts 
to strike at it.  Occasionally, a spider would go to the pool to drink water, and by 
chance the larva would wriggle past.  This sudden movement in such close proximity 
usually caused the spider to back off and follow the larva by orientating the 
cephalothorax, but seldom would it result in the spider assuming strike posture or 




Prey preferences of Paracyrba wanlessi 
 
Prey preferences indicated in this section refer to the initial choice of the spider being 
tested.  Spiders may strike at prey subsequently, but the first strike in a test is assumed 
to be the most representative of the choice between the two prey items. 
 
Aedes albopictus vs. Drosophila melanogaster 
 
When given a choice between an adult mosquito and a fruit fly, both adult and 
juvenile P. wanlessi showed a strong preference for mosquitoes over fruit flies (Table 
2-1) and this trend held for female and juvenile P. wanlessi even when the spiders 
were starved.  Starved male P. wanlessi still demonstrated this preference, but the 
difference in the number of mosquitoes chosen over fruit flies was only marginally 
significant.  Interestingly, the proportion of female spiders that chose mosquitoes over 
fruit flies increased with hunger level from 67.5% to 74.36%. 
Table 2-1. Results from prey choice tests with Paracyrba wanlessi when 
simultaneously presented with two live prey, adult female Ae. albopictus mosquitoes 
and D. melanogaster in 227 successful trials. 
 




melanogaster first χ2 P 
Well fed 28 7 12.6 < 0.001 
Juveniles 
Starved 30 6 16 < 0.001 
Well fed 30 9 11.31 < 0.001 
Male 
Starved 25 13 3.79 0.0516, NS 
Well fed 27 13 4.90 < 0.05 
Female 
Starved 29 10 9.26 < 0.005 
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Aedes albopictus vs. Acheta domesticus   
 
Spiders that were presented with a mosquito and a cricket nymph chose the 
mosquitoes more often than they chose cricket nymphs (Table 2-2).  Juvenile spiders 
maintained their preference for mosquitoes even when starved.  However, contrary to 
the trend seen earlier, male P. wanlessi had a stronger preference for mosquitoes 
compared to crickets and this preference was unaffected by hunger levels.  On the 
other hand, female P. wanlessi only demonstrated a preference for mosquitoes when 
they were well fed, but they did not show any preference when they were starved. 
 
Table 2-2. Results from prey choice tests with Paracyrba wanlessi when 
simultaneously presented with two live prey, adult female Ae. albopictus mosquitoes 
and cricket A. domesticus nymphs in 167 successful trials. 
 




domesticus first χ2 P 
Well fed 19 3 11.64 < 0.001 
Juveniles 
Starved 24 5 12.45 < 0.001 
Well fed 23 6 9.97 < 0.005 
Male 
Starved 25 6 11.65 < 0.001 
Well fed 21 8 5.83 < 0.05 
Female 




Blood fed vs. Non-blood fed female Aedes albopictus   
 
Both male and female P. wanlessi showed significant preferences for non-
blood fed over blood fed female mosquitoes at both hunger levels (Table 2-3).  There 
was also a similar situation to the earlier case where the females chose an increased 
proportion of mosquitoes over fruit flies when they were starved: males appeared to 
choose an increased proportion of non-blood fed to blood fed mosquitoes when 
starved. 
 
Table 2-3. Results from prey choice tests with Paracyrba wanlessi when 
simultaneously presented with two live prey, blood fed and non-blood fed female Ae. 
albopictus mosquitoes in 116 successful trials. 
 




Chose blood fed 
mosquitoes first χ2 P 
Well fed 21 4 11.56 < 0.001 
Male 
Starved 28 3 20.16 < 0.001 
Well fed 25 5 13.33 < 0.001 
Female 




Culex quinquefasciatus vs. Aedes albopictus   
 
Both well-fed and starved P. wanlessi juveniles attacked Ae. albopictus as 
often as they attacked Cx. Quinquefasciatus (Table 2-4). 
 
Table 2-4. Results from prey choice tests with juvenile Paracyrba wanlessi when 
simultaneously presented with two live prey, Ae. albopictus and Cx. quinquefasciatus 

































Adult female vs. Larval Aedes albopictus  
 
Both male and female P. wanlessi chose terrestrial prey first more often than 
they chose aquatic prey first, and this trend held even when the spiders were starved 
(Table 2-5).  However, there was a minor increase in their willingness to stalk the 
aquatic larvae under the starved condition: males did not strike at the larvae at all 
when well fed, but four starved males chose to strike at the larval mosquitoes. 
Table 2-5.  Results from prey choice tests with Paracyrba wanlessi when 
simultaneously presented with two live prey, adult female and larval Ae. albopictus 








mosquitoes first χ2 P 
Well fed 26 0 26.00 < 0.001 
Male 
Starved 26 4 16.13 < 0.001 
Well fed 29 1 26.13 < 0.001 
Female 





The results of the experiments conducted show that as hypothesized, both male and 
female P. wanlessi do indeed prefer mosquitoes to other terrestrial prey, and this 
preference breaks down when the spiders are starved.  Contrary to what was reported 
by Żabka and Kovac (1996), P. wanlessi did not actually prefer aquatic over 
terrestrial prey, and consistently chose the terrestrial prey.  Unlike E. culicivora, P. 
wanlessi showed no indication of a preference for blood fed over non-blood fed 
mosquitoes, and instead strongly preferred to prey upon non-blood fed mosquitoes.  
Despite its preference for mosquitoes, P. wanlessi did not appear to utilise any prey-
specific capture behaviours and approached all prey in a similar manner. 
 
Preference for terrestrial over aquatic prey 
 
The most surprising finding from these experiments was the result that P. 
wanlessi preferred to hunt terrestrial rather than aquatic prey.  The overwhelming 
majority of the spiders (more than 86% for both genders and hunger levels) chose the 
adult mosquitoes as their preferred prey, either ignoring the larval mosquitoes or 
observing their movements but making no move to strike.  This is in stark contrast to 
Żabka and Kovac’s (1996) report that 48.9% of their diet in the wild consisted of 
aquatic organisms, three quarters of which were larvae and pupae of mosquitoes.  
Furthermore, the preference for terrestrial prey in the laboratory experiments seems to 
be stronger than any of the preferences for the other combinations of prey that were 
tested, all of which were terrestrial in nature.  
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The first possible explanation for this vast discrepancy that has to be addressed 
is the experimental setup.  As mentioned in the methodology, the design of the arena 
presented some unique challenges, the most problematic being how to present the 
spider with both an aquatic and a terrestrial prey with similar probabilities of 
encounter.  The interior of the pool is actually inaccessible for the spider when it 
comes to striking at prey, since most spiders would only cross the pool when startled 
and most likely would not stay floating in the middle of the pool. The only available 
position where the spider may strike at the wriggler at all is at the periphery of the 
pool, with the abdomen and 4th pair of legs on the ground, and the first three pairs of 
legs touching the water surface.  This obviously makes it much more difficult for the 
spider to have access to the aquatic prey, but one might liken this instance to the 
situation within a bamboo internode, when only one small portion of the internode is 
flooded with water and the remainder of the internode is dry.  If we postulate that in 
most cases, the bamboo culm will be tilted at an angle (the chances of having a 
bamboo culm lie perfectly horizontally are almost negligible), then only one end of 
the internode will have a pool.  Unless the internode is very full (which was seldom 
encountered in the field), the proportion of the pool periphery available for hunting 
aquatic prey as compared to the terrestrial area should be relatively small, as is the 
case in the artificially constructed arena used for testing. Given the similar 
proportions of aquatic to terrestrial area, the relatively lower probability of 
encountering aquatic prey in the artificial arena cannot account for the discrepancy in 
proportion of aquatic to terrestrial prey taken. 
There is also another possibility to consider: the unfamiliarity of the hunting 
environment. While the spiders have all along been catching terrestrial prey on the 
plastic surfaces of their housings, when they were fed mosquito larvae, the larvae 
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were presented in a small dish placed inside their housing.  Prior to testing, the spiders 
had never been exposed to larvae within the arena pool, which was of a different 
shape than the dish used during feeding.  As such, the spiders might have been 
unfamiliar with the arena pool.  To answer to this, there were indications that the 
spiders did not consider the pool as anything other than a small water body.  A 
common occurrence when the spiders were introduced into the arena was that the 
spiders would move to the side of the pool and drink from it.  On a few occasions, 
spiders would cross the pool by walking over the water surface without having been 
startled into doing so.  If the spiders had considered the pool as an unfamiliar object 
then avoidance would have been the more likely reaction.  Also, the sides of the pool 
were slanted, presenting a shallow gradient of water.  This design was meant to mimic 
the sides of the water bodies that would be found inside bamboo internodes, since the 
curved sides of the bamboo and the end of the pool opposite the septum of the 
internode would also present an incline.  If the P. wanlessi truly preferred hunting 
aquatic prey, then this inclined surfaced pool would be what it hunts from in the wild. 
Another consideration regarding the arena design is that when viewing the 
pool from the periphery, refraction from the water surface causes distortions in the 
image of the larva that the spider can see; whereas in their housings most often the 
spider would approach the dish of larvae from above and would be looking more or 
less perpendicular to the water surface so the effect of refraction would be minimised.  
As mentioned earlier, the inclined poolside would be what the spider encounters in its 
natural environment, and the associated refraction would also apply.  The degree of 
refraction that the spider itself experiences cannot be ascertained; however, the fact 
that a number of spiders still demonstrated interest and actually caught and ate the 
larvae indicates that the level of distorting refraction is not sufficient to mask the 
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identity of the prey, and the spider still recognises the larva as such.  In addition, it 
was also observed that many spiders would demonstrate interest in the wriggling larva 
(following it visually by turning the cephalothorax) but this would not translate to an 
actual attempt to strike at the larva.  Most likely this indicates that the spiders can see 
and recognise the larva, but chooses not to attack, which would imply that it is not the 
prey of choice. 
One general objection to the arena setup is that it could potentially make it 
difficult or harder for P. wanlessi to successfully strike at larvae.  The main objective 
of this experiment is to determine the preferred hunting method of P. wanlessi, hence 
the spider need not successfully catch the prey, it need merely make an attempt to 
catch it.  There has to be a distinction between the terms “difficult to catch” and “not 
interested”.  The arena might make it difficult to catch the larva, but does not 
influence the chance of spiders attempting.  In one instance, a male spider being tested 
made multiple strikes (11-12 strikes within approximately 40 s) at a larva even though 
it was far out of reach.  The spider struck repeatedly but missed because the larva was 
far away, or deep under water. This could possibly have been caused by refraction and 
distortion of the image, but this example illustrates that the spider is interested, but it 
has difficulties striking successfully. 
This preference for terrestrial prey (namely mosquitoes) over aquatic prey is 
also not a by-product of having been kept under artificial conditions for long periods 
(up to two years in some cases).  Spiders that have been kept under laboratory 
conditions for less than a month showed the same tendency. It might then be useful to 
consider the conditions under which the spider is found in the field in order to explain 
the discrepancy in the data. 
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When searching for spiders in fallen bamboo culms, a machete was used to 
hack open the culms and peer inside to see if the internodes contained spiders. One 
unexpected observation that was made was that the spiders were found very often in 
internodes that were completely dry.  It should also be noted that in Żabka and Kovac 
(1996)’s report, the setup used was semi-artificial: bamboo culms were sawn open 
such that each internode had a “lid” to access the interior. However, this lid had a gap 
of about two mm, which would more or less guarantee the entry of water into the 
internodes, and thus ensure that there would phytotelm communities within the 
bamboo internodes (it was reported in Kovac and Streit (1996)’s study that 98% of the 
experimental internodes were water-filled throughout the entire duration of the study, 
while two of the 100 experimental internodes became temporarily dry).  It is possible 
that when P. wanlessi were found in dry internodes, adjacent internodes did have 
these phytotelm communities and the spiders had access to these internodes by holes 
in the septa or by moving along the outer surface of the bamboo culms, but the spiders 
were never found outside bamboo internodes or wandering along the outer surface of 
the culm, and the septa of spider-containing internodes were usually intact when the 
internodes were opened (personal observations).  
Whilst such a large proportion of aquatic prey in the natural diet is highly 
atypical of Spartaeinae and even the Salticidae, some other groups of spiders have 
been shown to prey upon mosquito larvae, such as wolf spiders (Lycosidae) and 
pisauriids (Pisauriidae) (Breene et al., 1988).  Other salticids from more derived 
families that are not known to show any diet specialisation or prey preference have 
been observed to attack and consume mosquito larvae provided in small puddles 
within their housing in the laboratory (personal observations), indicating that P. 
wanlessi’s ability to prey upon aquatic organisms does not require any special 
 55
structures or adaptations.  Furthermore, there is a possibility that the only reason why 
this “fishing” behaviour is not more common in salticids is a lack of exposure to 
aquatic prey.  Mosquitoes tend to oviposit in dark, sheltered areas (Liew, 2001) 
whereas most salticids tend to forage in brightly lit habitats where their exceptional 
eyesight (Heil 1936; Drees 1952; Forster 1982, 1985; Land 1969a, b; Blest et al. 
1990; Jackson and Pollard 1996) might be put to appropriate use.  The general 
assumption regarding salticids is that they do not prey upon aquatic organisms more 
because they lack the ability to do so rather than a lack of exposure to aquatic prey, 
but if we consider that any aquatic habitat that is likely to harbour prey small enough 
to be taken by salticids will have to be shallow to allow the spiders to have access to 
the organisms; and thus the water body should be relatively small.  Hence, any such 
water body is likely to be sheltered in a dark area where evaporation rate will be low, 
and since salticids forage in relatively bright light environments as compared to the 
interior of a bamboo internode, exposure to such water bodies and the associated 
fauna will be limited.  Paracyrba wanlessi, on the other hand, is a specialist inhabitant 
of bamboo internodes and is therefore accustomed to foraging in dark environments, 
occasionally with the appropriate water body.  It should therefore not be surprising 
that P. wanlessi willingly takes aquatic prey while other salticids do not: it is 
constantly exposed to these prey, and it is likely that if other salticids were to be 
exposed to aquatic prey where they forage, they would hunt these as well. 
Other than prey preference, the relative abundances of prey found in the 
internodes can also affect proportion of particular prey types taken in the wild.  If we 
could compare the proportions of particular prey types taken by P. wanlessi to the 
relative abundance of each group of prey, we might be able to draw some conclusions 
about their preferences. Unfortunately, other than a list of species present (Kovac and 
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Streit, 1996), data on the relative abundances of the various prey types taken by P. 
wanlessi is not available.   
Żabka and Kovac (1996) reported that of the terrestrial prey taken, adult 
mosquitoes took up a sizeable proportion (18.6%, 8 out of 43 terrestrial prey items) 
and of the aquatic prey taken, larval and pupal mosquitoes made up 75.6% (31 out of 
41 aquatic prey items).  In terms of relative abundances, the probability of P. wanlessi 
encountering an adult mosquito is miniscule compared to the chances of encountering 
their larvae.  A single female mosquito lays 82.8 ± 30 eggs (mean ± SD, Armbruster 
and Hutchinson, 2002), each of which hatches into a larva.  The only times when P. 
wanlessi will encounter adult mosquitoes are when they emerge from the pupae, and 
when the female mosquitoes enter the internodes to lay their eggs.  We might consider 
the ratio of mosquito adults to larvae taken in Żabka and Kovac (1996)’s study (8 
adults : 31 larvae ≈ one adult for every four larvae taken), and compare this to the 
potential ratio of a single adult female laying over 80 eggs.  The actual ratio would 
probably be lower than that, but data on the emergence rate of mosquito pupae is 
unavailable. However you look at it, the number of larvae will far outnumber the 
number of adult mosquitoes in the internodes.  This means that despite the rarity of 
encounter with adult mosquitoes, the spiders still managed to stalk and capture a fairly 
high proportion of them.  
Having said that, yet another situation must be taken into consideration, where 
each pupal mosquito will eventually emerge as an adult.  Presumably, eggs laid in the 
same batch would emerge at roughly the same time; hence there would be some 
periods of time where the number of newly emerged adult mosquitoes would 
outnumber the larvae.  In the natural situation, the internode would only have one 
small exit, making it somewhat difficult for newly emerged adults to find their way 
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out.  This would increase the concentration of adult mosquitoes available as prey to 
the spider within the internode, a situation that Żabka and Kovac (1996) might have 
missed due to timing, or the fact that their artificial internode had a large gap through 
which the mosquitoes could easily escape.  Furthermore, when the adults first emerge 
from their pupae, they tend to spend much time resting on the walls of the internode 
in order to allow their exoskeleton to harden.  It would be in these few minutes after 
emergence that the adult mosquito is most vulnerable, but one must also consider that 
P. wanlessi appears not to go for motionless prey (see below for discussion). 
Alternatively, in the darkness of the bamboo internode when salticid vision is 
impaired, P. wanlessi could possibly utilise vibratory cues from the surface of the 
water to catch aquatic prey – all tests were conducted in full light, hence visibility of 
the prey was not impaired and P. wanlessi chose adult mosquitoes over the aquatic 
juvenile stages.  The fact that it would be difficult to see the adults in the internode, 
whereas the larvae could be detected by vibratory cues from the water would increase 
the proportion of the aquatic prey taken by P. wanlessi if we look at their diet in the 
wild.  The difficulty in capturing the adult mosquitoes (as well as its comparative 
rarity within the internode) would very likely lead to an increase in handling time, and 
decreasing its rank in terms of prey profitability. 
There was a marginal increase in the proportions of spiders that chose the 
larva under starved conditions, which would agree with the predictions of optimal 
foraging theory; however, the increase was insufficient to allow us to say that the 
preference for terrestrial prey broke down under increased hunger level.  Also, hunger 
levels affect the willingness of the spiders to eat; hence small changes in proportions 
might not indicate changes in preferences for different prey.   
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In terms of energetics, consuming a gravid female mosquito coming to lay her 
eggs would probably have far more advantages than consuming a larva, but when the 
preferred adult mosquitoes are scarce and there is a constant, ample supply of larva 
near at hand, it should not be surprising that the spiders choose to go for those instead.  
As OFT would predict, predators would only go for their non-preferred prey type if 
the absolute numbers of their preferred prey is low (Pyke, 1984). 
Before concluding that P. wanlessi does indeed prefer adult mosquitoes over 
their aquatic larval stage, it would only be fair to state that there is one possibility that 
has yet to be explored, which is that the spiders observed by Żabka and Kovac (1996) 
preying upon aquatic prey could have been purely juveniles.  Żabka and Kovac (1996) 
did not make any distinction between what prey were taken by the adults and what 
prey were taken by juveniles, even though it was fairly clear that they had a few 
juveniles under observation.  We did not perform any experiments to investigate the 
reaction of juveniles to aquatic prey.  It is possible that there is a partitioning of prey 
preferences, with juveniles having a preference for aquatic prey and adults preferring 
terrestrial prey; and given that they all live within the same microhabitat it would 
reduce the competition for resources. 
It would also be interesting to determine the proper prey rank for P. wanlessi.  
Based on the proportions of alternative prey taken as compared to adult mosquitoes, 
the rank would roughly be: 1. Adult mosquitoes, 2. Fruit flies, 3. Cricket nymphs and 
4. Larval mosquitoes.  In order to ascertain this order, we would have to conduct tests 
where the spider is presented with these combinations of prey: fruit flies vs. mosquito 
larvae, and cricket nymphs vs. mosquito larvae. 
Another experimental gap that remains to be explored is the reaction of other 
species of salticids towards aquatic prey within the conditions set up for this 
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experiment.  If other species of salticids completely refuse to take prey offered in an 
aquatic medium, it would indicate that despite the preference for terrestrial prey seen 
in my results, P. wanlessi still demonstrates unique capabilities and behaviours that 
warrant further examination. 
 
Preference for mosquitoes over other insects 
 
On the whole, P. wanlessi showed a distinct preference for adult mosquitoes 
over other insects tested.  However, this preference broke down when spiders were 
starved in two cases: starved adult males showed only marginally significant 
preference for mosquitoes over fruit flies, and starved adult females showed no 
preference at all when presented with cricket nymphs and mosquitoes.  These 
decreases in the proportions of the preferred prey taken fall in line with what is 
predicted under optimal foraging theory (see Pyke, 1984 for review).  The breakdown 
of the male’s preference for mosquitoes against fruit flies agrees with Żabka and 
Kovac’s (1996) observation that only the males (but not the females or juveniles) did 
not stay long in each internode but wandered outside of the bamboo internodes.  We 
should expect that if spiders were to wander outside of the bamboo culms then they 
are exposed to a whole range of prey that are unavailable within the internode, and 
cannot afford to have as strict a preference for their preferred prey as compared to 
juveniles and females that remain inside internodes and have access to the 
mosquitoes.  The most plausible reason for males to spend their time outside of the 
internodes is in search of mates.  In addition to wandering along the same culm or 
even within the same clump of bamboo, males might wander to nearby clumps, and 
would therefore need to take prey more opportunistically if hunger levels require. 
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Żabka and Kovac (1996) reported that spiders were not found outside of 
experimental internodes even with extensive searches of the surrounding habitats, but 
they observed male spiders entering internodes (and presumably wandering along the 
outside of bamboo culms), and deduced that males spend much of their time outside 
of the internodes (see also chapter four).  Despite the fact that spiders were seldom 
spotted outside of the internodes, there is some evidence that spiders roam outside of 
internodes to forage: there was one instance of eating a grasshopper (orthoptera) in 
Żabka and Kovac (1996), and one instance of spider eating a cricket (personal 
observations), both of which were not reported to be found within bamboo internodes 
in Kovac and Streit (1996).  It is also a possibility that these prey animals stumbled 
into the internodes by chance. 
The situation is greatly confused because of the lack of a breakdown in 
preference when starved male spiders are presented with crickets and mosquitoes, 
especially since crickets are more likely to be found while wandering between 
bamboo internodes or clumps.  One would expect that if the preference for 
mosquitoes over fruit flies broke down when males were starved, we would see a 
similar breakdown when they are presented with crickets.  As another possibility for 
further investigation, it could be investigated how P. wanlessi would choose given a 
choice between crickets and fruit flies, but this would be beyond the scope of this 
thesis.  It would amount to a determination of the prey ranking that P. wanlessi would 
ascribe to these prey types, in the scheme of OFT.  Perhaps purely terrestrial prey are 
not as preferred as flying insects for some reason, and this would give rise to the 
result observed. 
With respect to the female’s preferences while starved, they showed a 
different trend from the males.  Preference for mosquitoes over fruit flies remained 
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intact, whereas their preference for mosquitoes over crickets broke down.  It is 
actually fairly unlikely that the females can remain in one single internode throughout 
the entire duration of a growth and reproductive cycle.  Eggs and juveniles were 
usually found in internodes that had phytotelm communities within.  It can take more 
than two years for a female spider to mature (personal observations), and given that 
the culms usually deteriorated within 1-2 years (Kovac and Streit, 1996), female 
spiders would most probably have to leave the culm that they developed in and seek 
out a new culm that is suitable for raising young in. Conditions of the culm will 
change as the condition of the wood deteriorates, and this might be accelerated by the 
presence of water and activities of the fauna within the internode.  This could imply 
that the females do venture outside of the internodes, and would have to adapt to the 
change in available prey similar to males, but does not really tell us why males and 
females should have such dissimilar prey ranking systems.  The results indicate that 
males prefer (in order of preference): mosquitoes – fruit flies – crickets whereas 
females prefer: mosquitoes – crickets – fruit flies.  As was the case for males above, 
further testing might give some indication if this is the actual prey ranking. 
Interestingly, juveniles appeared to prefer mosquitoes equally over both 
crickets and fruit flies, i.e. juveniles rank fruit flies and crickets equally.  However, 
this could simply arise out of the average between male and female juveniles 
cancelling each other out.  The fact that juveniles showed no change in preference 
even when starved could indicate that they tend to mature in the culm where they 
were hatched before venturing out as adults and would have no need to adapt to 
different prey as do the adults.  This hypothesis is corroborated by the fact that 
juveniles were almost never found outside the culms (personal observations; Żabka 
and Kovac, 1996) and have been known to stay in the same culm for over five months 
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and are thought to be able to complete their entire development within (Żabka and 
Kovac, 1996). 
Another area in which further testing might help is to increase the number of 
days that the spiders are starved to three weeks or 21 days, as was done in some 
studies before the prey preference of salticids broke down (see Li, 2000).  It would be 
revealing to see if the preference for mosquitoes over other insects would break down 
with increased hunger levels of 21 days or more, especially for the juveniles where 
increased hunger levels appeared not to have any impact at 14 days. 
In the remainder of the trials, the proportion of preferred prey taken actually 
increased with rising hunger levels, although the increase is fairly minor.  These 
increases could merely be indicative of rising hunger levels rather than that preference 
for the preferred prey type is getting stronger – hungrier spiders are simply more 
willing to eat and hence more likely to begin stalking than well-fed spiders.  
Increasing hunger level not only brought about changes in the proportions of the 
respective prey taken, but also the number of trials in which spiders made no choice 
were greatly reduced: the proportion of “No choice” trials was reduced from 67% to 
54%.  In terms of willingness to eat, P. wanlessi appeared reticent compared to other 
spiders.  For example, the proportion of Portia that did not make a choice ranged 
from 26% to 15% for well-fed and starved spiders, respectively (Li et al., 1997; Li 
and Jackson, 2003).  
Hunger levels were found to affect certain myrmecophagic salticids prey 
preference (Jackson and Van Olphen, 1991; 1992, but see Li, Jackson and Cutler, 
1996), but araneophagic salticids had more varied reactions to increasing hunger 
levels with some being unaffected (see Li and Jackson, 1996) and others simply 
requiring greater hunger levels before preference broke down (e.g. Li, 2000). 
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In comparison to P. wanlessi, the other mosquito-eating salticid, E. culicivora, 
appears to have very distinct preferences.  It was shown to prey largely upon adult 
mosquitoes in the wild, where up to 76.7% of its natural diet consisted of adult 
mosquitoes (Wesołowska and Jackson, 2003).  This diet was later found  to be an 
actual preference for mosquitoes in the laboratory (Jackson et al., 2005), even to the 
point of being able to distinguish between different genera of mosquitoes (Nelson and 
Jackson, 2006) and having prey-specific capture behaviours for them (Nelson et al., 
2005).  The proportions of mosquito prey P. wanlessi took in preference over other 
prey types is fairly similar to E. culicivora (Jackson et al., 2005), but testing here was 
not as extensive and did not cover as wide a range of prey as they covered.  It is 
unclear if the preference shown by E. culicivora was diminished with increasing 
hunger levels as was seen for P. wanlessi, but it would not be surprising given the 
results presented thus far.  It is likely that E. culicivora is a much more specialized 
predator than P. wanlessi, considering that it is capable of distinguishing different 
genera of mosquitoes (Nelson and Jackson, 2006), whereas preliminary tests showed 
that P. wanlessi could not distinguish between or had no preference for either Aedes 
or Culex mosquitoes (Table 2-4).   
 
Preference for non-blood fed over blood fed female Aedes albopictus 
 
Evarcha culicivora has the ability to differentiate between blood fed and non-
blood fed mosquitoes, showing a strong preference for the former (Jackson et al., 
2005).  The natural habitat of these spiders is in the vicinity of mosquito infested 
human dwellings, and it would therefore have access to its preferred prey – blood fed 
female mosquitoes (Wesołowska and Jackson, 2003; Jackson et al., 2005).  
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Mosquitoes tend to be sluggish when engorged (Jackson et al., 2005) and rest on the 
walls of dwellings or their container when they have just had a blood meal (Pers. 
Obs.).  Non-blood fed mosquitoes have a 3× higher chance of escaping from a salticid 
generalist predator than did blood fed mosquitoes (Roitberg et al., 2003).  It is 
therefore quite surprising that P. wanlessi showed little inclination to strike at blood 
fed mosquitoes.  In order to explain this unexpected result, it should be kept in mind 
that P. wanlessi has a tendency to overlook motionless prey.  If the mosquitoes are 
sluggish after having had a blood meal, they are even less likely to attract the attention 
of P. wanlessi, and would thus often be overlooked as a prey item.  This is not to say 
that P. wanlessi was not aware of the blood fed mosquitoes, and that the whole point 
of giving the spiders a “choice” is moot, since if the spider were not aware of two 
prey items then there would not be much choice involved.  The crux of the matter is 
that both blood fed and non-blood fed mosquitoes have equal chances of being 
“discovered” by the spider, but a blood fed mosquito will fly a short distance before 
resting motionless again and will not move unless further disturbed; whereas the non-
blood fed mosquito would continue flying once disturbed, greatly increasing the 
chances of the spider taking interest in it as prey. 
If we consider that P. wanlessi seldom ventures out of bamboo internodes, it is 
very likely that in the wild, the spiders will almost never encounter blood fed 
mosquitoes.  Newly emerged mosquitoes will not have access to blood within 
internodes, and after the mosquitoes leave the internodes, males will probably never 
return but females might return to lay their eggs.  The female will not go in search of 
oviposition sites while still full from a recent blood meal, and oviposition will usually 
take place only 3-4 days after they have had the blood meal.  Thus, by the time a 
female mosquito finds its way back to the internode to oviposit, the blood meal would 
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have been digested.  Paracyrba wanlessi is therefore unlikely to ever encounter a 
blood fed mosquito, unlike E. culicivora, which has constant exposure to blood fed 
mosquitoes in the human dwellings the spider inhabits (Jackson et al., 2005).  It is 
more likely that P. wanlessi will encounter gravid female mosquitoes coming in to the 
internodes to lay eggs.  These look and behave in ways indistinguishable from a 
female mosquito that has yet to take a blood meal. 
 
Vision based hunting in Paracyrba wanlessi  
 
Some authors have tried to determine if prey movement is required as a cue 
for salticids to distinguish between their preferred and non-preferred prey types 
(Jackson and Tarsitano, 1993; Li and Jackson, 1996b).  While it can be useful to ask 
such questions, one should first consider the ecology of the species being studied.  
Portia, the genus that was used in those studies, does appear to have a tendency to 
stalk motionless prey in the wild, and given that its preferred prey are spiders, it 
would make sense to stalk them while motionless since most spiders are sit-and-wait 
predators (Foelix, 1996).  In the case of other prey specialist spiders, it can also be 
argued that such cues (morphology and motion) are all taken into account when the 
spider is presented with a choice between two prey types, and it would be unfair to 
exclude some cues (e.g. movement, olfactory) while including others (e.g. visual – the 
use of dead-lures: dead insects mounted in a life-like posture).  To select and test only 
one specific cue that the predator might possibly use to identify its preferred prey may 
be moving a little too far ahead without knowing if any preference exists in the first 
place.  To elaborate, if no preference exists while the predator is offered a choice 
between two living prey, it would be difficult to justify testing and concluding that the 
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predator prefers a certain prey type, but only when presented with motionless prey 
and not if the prey are moving.  If anything, testing with living prey should be a pre-
requisite before commencing a whole battery of tests to determine the primary cues 
that predators use to identify their preferred prey.  
Other salticids hunting techniques may not be cued by movement as much as 
Portia (Jackson and Tarsitano, 1993; Li and Jackson, 1996b), which are predisposed 
to stalking motionless prey in the wild.  Preliminary trials using motionless lures of 
mosquitoes and crickets showed no preference for juvenile P. wanlessi, and the 
spiders showed little or no interest in the lures (Chin, 2004).  Even for the live prey 
tests, spiders appeared not to notice the presence of prey until they moved: a spider 
could walk up to a motionless mosquito without appearing to see it, but the moment 
the mosquito moved slightly the spider would appear startled and either jump 
backwards slightly or decamp.  Spiders that jumped back a little occasionally began a 
prey capture sequence or immediately struck at the prey.  This would indicate that the 
image of the prey did not register as such until it moved.  It is possible that movement 
is an essential part of how P. wanlessi characterises its prey.  Consider also that the 
inside of a bamboo internode is likely to be very dark, and unless P. wanlessi has 
some very unusual ability to make out fine details under very dim lighting conditions, 
it would not be able to spot a motionless prey.  Hence, one might say that the ability 
to stalk motionless prey might give some indication of the level of preference, but 
cannot be used as a measure of this level because of the other considerations that 
affect it.  
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Prey-specific capture behaviour 
 
In general, prey-specific capture behaviours are utilized where the prey being 
confronted have the ability to seriously injure or overcome the predator, such as 
chelicerae or silk in spiders for araneophagic salticids, and mandibles or stings in ants 
for myrmecophagic salticids (Nelson et al., 2005).  In terms of mosquitoes as prey, 
they have few defenses apart from flying off out of reach of the predator when 
attacked.  It is not surprising then, to find that P. wanlessi approached mosquitoes in 
the same manner as they approached all other types of prey, adopting also a typical 
salticid stalking sequence. 
E. culicivora juveniles had prey-specific capture behaviors in order to bring 
down Anopheles mosquitoes much larger than themselves, whereas P. wanlessi 
juveniles appeared to have no such tactics (personal observations) and approached the 
mosquitoes as they would any other prey.  This can also be attributed to their habitat – 
the reasoning behind E. culicivora juveniles requiring such tactics was that apart from 
increasing their success rates at capturing the mosquitoes, the small juveniles run the 
risk of being carried off by the mosquito flying away, with the potential for injury if it 
gets shaken off in an inopportune moment.  This would be inapplicable to P. wanlessi, 
since any mosquito attempting to escape after being attacked by a juvenile would be 
unlikely to exit the bamboo internode, and if the spider were shaken off it would still 
be in its own habitat.  The danger to the spider would probably arise more from being 
thrown against the internode walls as the mosquito flies about, which could possibly 
explain why I have never observed small juveniles that catch a mosquito being 
“carried away” by the mosquito as described by Nelson et al. (2005) – perhaps the 




The initial report that Paracyrba wanlessi has a strong affinity for aquatic prey was 
shown to be perhaps an artefact of the experimental setup used by Żabka and Kovac 
(1996), although the spider did have a preference for adult, non-blood fed mosquitoes 
over other insects.  The various results and the differences between P. wanlessi and E. 
culicivora are all attributable to the unique microhabitat that the spider lives in, the 
internodes of fallen bamboo culms.  The data also do conform to the general 
predictions of Optimal Foraging Theory, since the preferences did show a tendency to 
break down when the spiders were starved, and the preferred prey could be ranked 
roughly based on the preferences.  Further investigation into this species could very 
well provide deeper insight into the formation of prey preferences as well, since it 
appears to have an intermediate preference for mosquitoes as compared to a generalist 
salticid and the more specialist E. culicivora.  Other areas that could be explored 
would be some of the implications of surviving in this unique habitat, since the 
darkness would be a handicap especially for a visually hunting predator. The 
uniqueness of this species appears to be more its habitat than the fact that it hunts 






Diet and growth of Paracyrba wanlessi 
 
ABSTRACT: Paracyrba wanlessi is a specialist inhabitant of bamboo internodes that 
has been shown to have a very unusual diet of adult and larval mosquitoes.  In this 
experiment, P. wanlessi were reared to adulthood on four different strict diets of 
blood fed female mosquitoes (BF), non-blood fed female mosquitoes (NBF), 
Drosophila melanogaster (FF) and a mixed diet of all three of the above prey types 
(MX).  Results showed that P. wanlessi reared on the MX and NBF diets fared the 
best, whereas those reared on FF and BF diets fared poorly, with high mortality and 
smaller abdomen sizes.  The relationships between these results and the possible 
situation in the spider’s natural habitat are explored, and the implications for optimal 




One of the most basic tenets of optimal foraging theory (OFT) is that predatory 
behaviour is shaped by natural selection (Stephens and Krebs, 1986).  Virtually all 
studies that attempt to test optimal foraging theory in some way or other require some 
means of relating fitness to foraging behaviour (fitness currency; Schoener, 1971; 
Pyke, 1984).  Optimal diet theory (ODT) is a subset of optimal foraging theory, and it 
tries to interpret how preference for particular prey types would impact the fitness of a 
predator (Emlen, 1966; MacArthur and Pianka, 1966; Morse, 1980; Pyke, 1984; 
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Schoener, 1987).  One of the predictions of optimal diet theory would therefore be 
that specialist predators that have access to their preferred prey type will be fitter than 
conspecifics that do not have this access.  If therefore, a predator has demonstrated a 
particular preference for certain prey types, we should be able to test if this preference 
has some fitness consequences in the predator species.  One way in which we can do 
this is to test the effects of various diets, some preferred and others not, on the growth, 
development and survival of the predator. 
Traditionally, spiders have been envisaged as generalist predators (Bristowe, 
1942; Wise, 1993; Dent, 2000) but there has been a growing amount of evidence 
showing otherwise (Nentwig, 1986).  Jumping spiders (Salticidae) are an ideal 
candidate for prey specialisation because of their excellent eyesight and complex 
predatory behaviour (Heil 1936; Drees 1952; Forster 1982, 1985; Land 1969a, b; 
Blest et al. 1990; Jackson and Pollard 1996).  Jumping spiders have been shown to 
specialise in predating upon other spiders (Jackson and Blest 1982; Jackson and 
Hallas 1986a, b; Jackson 1990a, b, c; Li and Jackson 1996a; b), ants (Jackson and van 
Olphen 1991, 1992; Li and Jackson 1996a; Li et al. 1996; Jackson et al. 1998; Li et 
al. 1999) and mosquitoes (Wesołowska and Jackson, 2003; Jackson et al., 2005).  
However, only one study has attempted to show that when reared using their preferred 
prey, Portia fimbriata, an araneophagic salticid, has greater survivorship, faster 
maturity and larger body size than when reared using non-preferred prey (Li and 
Jackson, 1997).  In terms of fitness, survivorship can possibly be viewed as an 
indicator.  Larger body size has also been correlated with greater fecundity in various 
organisms including some insect species (Honek, 1993), moose (Sand, 1996), 
salamanders (Tilley, 1968) and copepods (McLaren, 1965).  Thus, spiders are likely 
to show similar trends with regards to body size and fecundity, and therefore fitness.  
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Relative body size is also likely to be an indication of the overall condition of the 
spider, and logically translates into greater likelihood for survival, reproduction and 
defensive capabilities. 
Paracyrba wanlessi is a spartaeine salticid species that inhabits the internodes 
of fallen bamboo culms, particularly of the species Gigantochloa scortechinii.  It was 
reported that within these internodes, a large proportion of the terrestrial prey taken by 
P. wanlessi are mosquitoes (18.6%, Żabka & Kovac, 1996).  This was later found to 
be an actual prey preference for mosquitoes in the laboratory (see chapter two; Chin, 
2004).  The objective of this experiment was to determine the effect on survival, 
growth and development of rearing P. wanlessi on its preferred diet of non-blood fed 
mosquitoes as compared with various other diets.  As with Portia fimbriata, I 
hypothesized that P. wanlessi would demonstrate increased growth rates, survival to 
maturity, body size and lower mortality when reared with their preferred prey. 
 
MATERIALS AND METHODS 
 
One hundred and forty Paracyrba wanlessi juveniles were raised from hatchlings till 
maturity on four different strict diets: (a) blood fed female mosquitoes (BF), (b) non-
blood fed female mosquitoes (NBF), (c) Drosophila melanogaster (FF), and (d) a 
mixed diet (MX), consisting of all three of the above prey types.  Eggs were obtained 
either from field-caught spiders or lab-bred female P. wanlessi that had been allowed 
to mate in the laboratory.  Gravid female spiders were observed once daily for the 
presence of egg sacs so as to establish the time of oviposition.  Once oviposition 
occurred, the eggs were monitored daily to establish the timing of the rupture of the 
chorion, and subsequently the first moult of the postembryo within the egg sac.  The 
 72
first instar juveniles that emerged and dispersed from the egg sac (for definition, see 
Hallas, 1988) were separated and housed individually in a cylindrical container (100 
mm × 90 mm diameter) that was chosen to present a similar spatial environment as 
the internal space of a bamboo internode.   
Spiderlings from each egg sac were haphazardly assigned to each of the four 
diet groups mentioned above such that each group received the same or similar 
numbers of spiders from each clutch of eggs and thus from the same parental stock.  
A total of 35 juvenile spiders from 14 clutches were assigned to each group.  Water 
was provided for all spiders ad libitum, and the spiders were fed once a week on the 
prey types mentioned above.  Only adult female Ae. albopictus mosquitoes were used 
in feeding the spiders and these were maintained using 10% sucrose solution with 
vitamin B complex and the blood fed mosquitoes were given blood using Swiss 
albino mice immediately prior to feeding. The total weight of prey fed per week to 
each group of spiders was kept similar; thus each group received different numbers of 
prey items depending on the weight of the prey and the prey type being fed, and also 
the developmental stage of the spiders (see Table 3-1).   Maintaining a constant 
weight of prey at each developmental stage would help to ensure that no group 
received more food as compared to the rest. Such measures were neglected or 
unmentioned in previous studies, even though this factor (amount of food received, in 
terms of total prey weight rather than numbers) could in fact impact the development 
of the groups under comparison. 
 73
Table 3-1. Number of individuals of each prey type fed to each spider in their 
respective groups per week. Spiders in the mixed diet (MX) group were fed one prey 
type each week, cycling through the three prey types, e.g. week 1: blood fed 
mosquitoes, week 2: non-blood fed mosquitoes, week 3: D. melanogaster before 
repeating the entire cycle. 
 
 Instar 1-2 Instar 3-4 Instar 5-6 Instar 7-Adult 
Blood fed mosquitoes (BF) – 








5    
(0.00752g) 
Non-blood fed mosquitoes 
(NBF) – average weight of 







9    
(0.00835g) 
Drosophila melanogaster 
(FF) – average weight of 







11    
(0.00783g) 
 
During the initial phases of the experiment, the number of prey remnants on 
subsequent days after a feeding was monitored once daily and the prey remnants were 
weighed once the spiders had consumed all the prey.  This allowed rough 
comparisons of the total weight of food actually consumed by the spiders between 
different prey types.  The average weight of prey consumed for each prey type was 
calculated by finding the difference between the average weight of each individual 
insect for each prey type and the average weight of the prey remnants and multiplying 
this by the number of individuals fed to each group (see Table 3-1).  Relative weight 
of the prey consumed by the spiders could give some indication of the palatability of 
the prey to the spiders, and can also provide insights into the nutritional status of each 
group of spiders. 
All spiders were monitored daily until they achieved maturity according to the 
method of Li and Jackson (1997).  Any mortalities or spiders that moulted were 
recorded.  Discarded exuviae were collected within 24-48 hrs after each moult and the 
age (from the date of chorion rupture) recorded.  At the same time, the live spiders 
were weighed using a Mettler Toledo AX205 weighing balance (0.01 mg accuracy) 
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and their total body length (TBL) measured (from the tip of the anterior median eyes 
to the tip of the abdomen, discounting the spinnerets).  The collected exuviae were 
examined and five carapace dimensions were measured (Fig. 3-1, see Li and Jackson, 
1997): carapace length (CL), the distance between the posterior lateral eyes and the 
anterior lateral eyes (DPLE), the width of the posterior lateral eyes (WPLE), the width 
of the anterior lateral eyes (WALE) and the width of the anterior median eyes 
(WAME).  All measurements were taken using an ocular micrometer on a Leica 
MZ16A microscope.  Data for abdomen length was calculated based on the difference 
between total body length and carapace length. 
Age-specific mortality (based on mortality at each instar) and rates of juvenile 
survival to maturity was recorded as well. The analysis of the number of instars 
required to reach maturity includes spiders that died as subadults, where the number 
of moults to maturity is one more than the subadult instar number.  This was done in 
order to increase the number of spiders used in the analysis. Also, spiders that reach 
the 6th instar without manifesting any subadult male characteristics are assumed to be 
females, since all male spiders matured at the 7th moult or earlier, whereas female 




Fig. 3-1.  Schematic diagram showing the five carapace dimensions measured on the 













Average weight consumed of various prey types 
The average weight of each prey type consumed by the spiders was relatively stable 
across groups (Table 3-2),  with the exception of non-blood fed mosquitoes having a 
somewhat disproportionate increase in the weight of prey consumed as compared to 
the weight of prey fed (see Table 3-1). 
 
Table 3-2.  Weight of prey consumed for each prey type fed to each spider in their 
respective groups per week. Spiders in the mixed diet (MX) group were fed one prey 
type each week, cycling through the three prey types, e.g. week 1: blood fed 
mosquitoes, week 2: non-blood fed mosquitoes, week 3: D. melanogaster before 
repeating the entire cycle. 
 
Prey type Instar 1-2 Instar 3-4 Instar 5-6 Instar 7-Adult 
BF 0.00205g 0.00307g 0.00410g 0.00512g 
NBF 0.00193g 0.00322g 0.00516g 0.00580g 
FF 0.00245g 0.00344g 0.00491g 0.00540g 
MX (BF) 0.00208g 0.00312g 0.00416g 0.00519g 
MX (NBF) 0.00204g 0.00340g 0.00545g 0.00613g 
MX (FF) 0.00226g 0.00317g 0.00452g 0.00497g 
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Survival to maturity 
 
Paracyrba wanlessi reached maturity at different stadia, with the ultimate instar 
ranging from the 6th to 8th instar.  Males were found to mature at earlier stadia than 
females (mean number of instars to maturity: males 6.4 ± 0.8, females 7.0 ± 0.1; t = -
4.139,  df = 57, P < 0.001).  Spiders reared under the BF and FF groups had lowest 
survivorship in terms of survival to maturity with only 11.4% of all spiders reaching 
maturity in each group; three males and one female for the BF group, two males and 
two females for the FF group.  However, in the BF group, five spiders still remained 
as juveniles and had not reached maturity at the end of the experiment (approximately 
800 days) so the percentage could potentially increase, whereas in the FF group all 
juveniles died before reaching maturity thus the percentage survival to maturity would 
not change in this case.  In the MX group, 85.7% of juveniles reached maturity and 
the remainder are juveniles that have yet to mature.   In the NBF group, there was a 
relatively high survival rate prior to maturity (97.1%), but only 57.1% of juveniles 
reached maturity while the rest were still juveniles at the end of the experiment 





Time taken to reach maturity was unaffected by any diet treatment for both males and 
females (Table 3-4) or by gender even within a particular diet type (Table 3-3). 
However, it should be noted that the time to maturity for NBF spiders is most 
probably much longer than the mean would imply, as a large proportion (42.9%) had 
yet to reach maturity at the end of the experiment.  Furthermore, given the high 
mortality rate under the BF and FF diets, conclusions based upon the four spiders in 
each group that did reach maturity are shaky at best.  The large variance in age to 
maturity probably also affects the lack of statistically significant differences. 
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Table 3-3. One-way ANOVA of the within-group effects of gender on age to maturity 
of male and female adult P. wanlessi 
Group Gender n 
Mean (± SE) age 
(days) F P df 
Male 3 279.3 ± 65.5 
BF 
Female 1 568 
0.584 0.451 29 
Male 12 332.8 ± 36.8 
NBF 
Female 9 395.7 ± 46.2 
1.16 0.295 20 
Male 2 320.5 ± 103.5 
FF 
Female 2 480.5 ± 22.5 
2.82 0.270 3 
Male 8 377.5 ± 35.0 
MX 
Female 22 411.4 ± 23.5 
4.85 0.159 3 
 
Table 3-4. One-way ANOVA of the effect of diet on age to maturity of male and 
female adult P. wanlessi 
Gender Group n Mean (± SE) age F P df 
BF 3 279.3 ± 65.5 
NBF 12 332.8 ± 36.8 
FF 2 320.5 ± 103.5 
Male 
MX 8 377.5 ± 35.0 
0.562 0.646 24 
BF 1 568 
NBF 9 395.7 ± 46.2 
FF 2 480.5 ± 22.5 
Female 
MX 22 411.4 ± 23.5 
0.870 0.468 33 
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Age-specific mortality  
 
Diet had significant effects on instar-specific mortality (2-way ANOVA: F = 
17.34, df = 18, P < 0.001).  MX diet spiders had the lowest mortality rate, with no 
spiders having died even after maturity.  NBF spiders had a marginally higher 
mortality rate, with only four mortalities in total.  Mortality in the FF group showed 
an initial early decline but levelled off for instar 3 to instar 5, whereupon it plunged to 
100% mortality by instar 8.  BF spiders showed a more or less constant instar-specific 
mortality rate, until only 18.2% of the spiders remained alive at the end of the 
experiment.  Post-hoc tests (Tukey’s HSD) confirmed that instar specific mortality for 
both BF and FF groups differed significantly from the NBF and MX groups. 
 






















BF NBF FF MX  
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Table 3-5. Summary of life history data for P. wanlessi reared on four different diets.   
Juvenile 
instar 1 2 3 4 5 6 7 8 
BF n 33 33 30 24 15 7 2 0 
 lx 1.000 1.000 0.909 0.727 0.545 0.303 0.212 0.182 
 qx 0.000 0.091 0.200 0.250 0.444 0.300 0.143 0.000 
NBF n 35 35 35 33 29 25 11 0 
 lx 1.000 1.000 1.000 1.000 0.971 0.971 0.914 0.886 
 qx 0.000 0.000 0.000 0.029 0.000 0.059 0.031 0.000 
FF n 33 32 31 31 30 23 3 0 
 lx 1.000 0.914 0.886 0.886 0.857 0.657 0.086 0.000 
 qx 0.086 0.031 0.000 0.032 0.233 0.870 1.000 - 
MX n 34 34 34 34 31 30 24 2 
 lx 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
 qx 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
 
Where 
n:  number of individuals that remain alive or that attained this stage 
lx: proportion remaining alive at this stage 
qx: probability of death occurring between this stage and the subsequent stage.
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Body size and weight 
 
Body size data is presented here for 4th instar juveniles, 6th instar males and 6th instar 
females.  4th instar juveniles were used as this was the latest instar at which spiders 
had yet to manifest secondary sexual characteristics (the 5th instar was the penultimate 
instar for some spiders).  Earlier instars would have not had sufficient time to 
manifest any effects of the diets.  The physical parameters measured for P. wanlessi 
that reached the ultimate instar were found to be significantly affected by gender 
(Table 3-6) and in order to exclude the possible effects of skewed sex ratios (sex 
ratios ranged from 25% to 73.3% females between the four diet types), data is 
presented from a juvenile instar as well as from both genders of 6th instar spiders.   
 83 
 
Table 3-6. One-way ANOVA of the within-group effects of gender on weight and seven body dimensions of male and female 6th instar P. wanlessi 
 
Diet  Weight TBL CL WAME WALE WPLE DPLE 

































±   
0.022mm 
1.09mm 





0.720mm   
± 
0.014mm 
F 10.0 1.84 145.9 16.9 15.0 225.6 36.8 
P 0.087 0.308 < 0.01 0.054 0.061 < 0.005 < 0.05 
df 3 3 3 3 3 3 3 

































±   
0.013mm 
1.12mm 





0.741mm   
± 
0.011mm 
F 45.9 42.3 11.3 13.5 16.4 20.4 19.2 
P < 0.001 < 0.001 < 0.005 < 0.005 < 0.005 < 0.001 < 0.001 




Table 3.6 continued 
Diet  Weight TBL CL WAME WALE WPLE DPLE 

































±   
0.017mm 
1.10mm 





0.73mm    
± 
0.008mm 
F 1.98 1.36 6.2 8.89 17.2 414.5 2.12 
P 0.294 0.364 0.130 0.096 0.053 < 0.005 0.238 
df 3 3 3 3 3 3 3 

































±   
0.023mm 
1.10mm 





0.731mm   
± 
0.006mm 
F 11.06 4.34 6.87 6.77 9.26 11.03 8.91 
P < 0.01 < 0.05 < 0.05 < 0.05 < 0.01 < 0.005 < 0.01 
df 28 28 29 29 29 29 29 
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The 6th instar was used for comparison instead of mature adults because for 
the BF and FF groups, the proportion of spiders surviving to maturity was low (see 
above) thus precluding statistical analysis.  Spiders that did not manifest secondary 
sexual characteristics by the 6th instar were classified as male or female based on the 
7th or 8th instars, but the data used for analysis was of the spider at the 6th instar.  
Furthermore, spiders that did not manifest male secondary sexual characteristics by 
the 7th instar were classified as female, since all male spiders reached maturity after 
the 7th moult. 
One-way ANOVA showed that 4th instar juveniles of the four groups differed 
only in their total body and abdomen lengths, with weight showing marginally 
significant differences (Table 3-7).  The remainder of the carapace and moult 
characteristic dimensions that were measured showed no significant differences 
between groups.  Post-hoc Tukey’s HSD tests showed the differences to originate 
from the BF and NBF diets vs. the FF diet. 
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Table 3-7.  One-way ANOVA and Tukey’s HSD post-hoc multiple comparison tests 


















BF 0.00800 4.83 1.96 0.869 1.40 1.11 0.736 2.859 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000325 0.0579 0.0247 0.00875 0.0114 0.0115 0.00644 0.0464 
NBF 0.00779 4.77 1.95 0.868 1.39 1.12 0.737 2.815 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000330 0.0576 0.0219 0.00628 0.0144 0.0107 0.00461 0.0418 
FF 0.00686 4.58 1.94 0.873 1.39 1.09 0.725 2.640 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000241 0.0505 0.0211 0.00781 0.0111 0.0102 0.00569 0.0394 
MX 0.00743 4.68 1.93 0.863 1.39 1.10 0.731 2.748 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000294 0.0612 0.0198 0.00702 0.00949 0.00842 0.00502 0.0467 
ANOVA         
F 2.609 3.191 0.301 0.345 0.26 1.014 0.945 4.436 
P 0.055 < 0.05 0.824 0.793 0.854 0.389 0.421 <0.01 
df 122 121 122 122 122 122 122 121 
Tukey's HSD         
BF vs. NBF ns ns ns ns ns ns ns ns 
BF vs. FF ns P < 0.05 ns ns ns ns ns P < 0.01 
BF vs. MX ns ns ns ns ns ns ns ns 
NBF vs. FF ns ns ns ns ns ns ns P < 0.05 
NBF vs. MX ns ns ns ns ns ns ns ns 
FF vs. MX ns ns ns ns ns ns ns ns 
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6th instar male P. wanlessi showed a similar trend as the juveniles, with total 
body and abdomen lengths again differing between groups, but with the addition of 
weight also similarly differing between groups (Table 3-8). Post-hoc Tukey’s HSD 
tests showed that the BF diet group no longer differed from the FF group, but instead 
the NBF group and FF group now differed. 
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Table 3-8.  One-way ANOVA and Tukey’s HSD post-hoc multiple comparison tests 



















BF  0.0176  6.27 2.60 1.10 1.70 1.37 0.902 3.67 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.00244 0.418 0.120 0.0265 0.0414 0.0421 0.0249 0.304 
NBF 0.0198 6.67 2.70 1.13 1.76 1.40 0.918 3.97 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.00125 0.169 0.0596 0.0194 0.0273 0.0250 0.0119 0.115 
FF 0.0133 5.93 2.62 1.13 1.57 1.36 0.889 3.31 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000535 0.121 0.0619 0.0204 0.151 0.0322 0.0141 0.0847 
MX 0.0175 6.42 2.61 1.10 1.72 1.37 0.894 3.80 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000944 0.136 0.0534 0.0150 0.0217 0.0267 0.0126 0.0914 
ANOVA          
F 4.59 2.99 0.598 0.815 1.71 0.431 1.02 4.98 
P < 0.05 < 0.05 0.622 0.497 0.189 0.733 0.4 < 0.01 
df 30 30 30 30 30 30 30 30 
Tukey's HSD          
BF vs. NBF ns ns ns ns ns ns ns ns 
BF vs. FF ns ns ns ns ns ns ns ns 
BF vs. MX ns ns ns ns ns ns ns ns 
NBF vs. FF P < 0.01 P < 0.05 ns ns ns ns ns P < 0.005 
NBF vs. MX ns ns ns ns ns ns ns ns 
FF vs. MX ns ns ns ns ns ns ns ns 
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The same trend as seen in the males continues in 6th instar females, with 
weight, body and abdomen length differing between groups (Table 3-9). Post-hoc 
Tukey’s HSD tests showed that these differences arose in all three measurements 




Table 3-9.  One-way ANOVA and Tukey’s HSD post-hoc multiple comparison tests 



















BF 0.0176 6.27 2.60 1.11 1.72 1.38 0.893 3.67 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.00229 0.280 0.0669 0.0290 0.0401 0.0370 0.0202 0.216 
NBF 0.0215 6.72 2.70 1.14 1.78 1.44 0.931 4.02 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.00191 0.248 0.0606 0.0221 0.0306 0.0274 0.0166 0.189 
FF 0.0118 5.64 2.65 1.13 1.76 1.40 0.905 3.00 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.00112 0.133 0.0409 0.0153 0.0227 0.0204 0.0112 0.114 
MX 0.0194 6.51 2.69 1.13 1.78 1.43 0.923 3.83 
± ± ± ± ± ± ± ± 
Mean ± SE 
0.000722 0.0870 0.0326 0.0122 0.0170 0.0152 0.00896 0.0582 
ANOVA              
F 13 10.8 0.492 0.257 0.488 0.771 1.23 15.9 
P < 0.001 < 0.001 0.69 0.856 0.692 0.516 0.308 < 0.001 
df 51 51 53 53 53 53 53 50 
Tukey's HSD              
BF vs. NBF ns ns ns ns ns ns ns ns 
BF vs. FF ns ns ns ns ns ns ns P < 0.05 
BF vs. MX ns ns ns ns ns ns ns ns 
NBF vs. FF P < 0.001 P < 0.001 ns ns ns ns ns P < 0.001 
NBF vs. MX ns ns ns ns ns ns ns ns 





Overall, spiders that were raised on the MX diet showed the best development all 
round, followed by NBF diet, and with BF and FF diets showing somewhat similar 
development at first glance.  The age-specific mortality data is particularly telling in 
this respect, where there is an obvious segregation between the BF/FF and the 
NBF/MX age-specific mortality data.  The BF group showed a constant decline in 
numbers, whereas the FF group steadied out after an initial decline, before plunging at 
instar 6.   
There are some inherent differences in the manner of deaths that cannot be 
recorded in the type of data that was collected.  The main cause of death in the case of 
the FF group was usually moulting problems (20 out of 35 deaths), or complications 
resulting from amputations when some limbs got stuck in the exuviae while it tried to 
moult (most often the palps and the first two pairs of legs).  In this set of experiments, 
the mortality rate of the FF group could have actually been higher, except for the fact 
that whenever a spider was observed to have been stuck in its own exuviae, I would 
attempt to free the spider using whatever means possible.  This usually meant 
amputating one or two legs or palps, which allowed the spiders to live on as opposed 
to if they were left stuck in the exuviae, in which case their death would have been 
guaranteed.  Some other groups of spiders demonstrated similar causes of death, 
particularly wolf spiders reared on Drosophila that were cultured under various 
different culture media (Mayntz and Toft, 2001).  Up to 76% of the wolf spiders 
reared on inferior diets showed signs of moult failure, a similar percentage to P. 
wanlessi under the FF diet.   
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The BF group on the other hand, had very few deaths through moult 
complications (2 out of 28 deaths).  The cause of death for this group was usually not 
as evident, but it could be observed that instead of having somewhat shrivelled, light 
coloured abdomens as was usually the case in the dead FF group spiders, the 
abdomens of the BF spiders were usually bloated and dark coloured.  It can 
tentatively be concluded that whatever the cause of death for BF diet spiders, it is 
different from the cause of death for the FF diet spiders.  Considering that the only 
difference in diet between NBF and BF groups was the addition of blood, it could be 
that there is some part of blood that is simply indigestible to spiders, or needs to be 
broken down by the mosquitoes before the spiders can assimilate it.  In view of the 
fact that P. wanlessi has a preference for non-blood fed mosquitoes over blood fed 
mosquitoes (see chapter two), there might be a link between the preference and the 
results showing that blood fed mosquitoes are a bad diet for P. wanlessi. 
At first glance, the results do not tally entirely with the previous studies 
showing that spiders reared on a monotypic diet fared worse than those reared on a 
polytypic diet (e.g. Uetz et al., 1992; Toft and Wise, 1999; but see Oelbermann and 
Scheu, 2002).  However, in the case of P. wanlessi, while the FF and MX groups 
demonstrate this trend very well, the NBF group went against the trend by having 
high survivability and comparable body dimensions and weights as compared to the 
MX group.  The only difference would be in the time taken to maturity, with NBF 
having a much wider range and some juveniles taking excessively long times to 
mature (see below).   
The fact that P. wanlessi can be reared to maturity on a monotypic diet of 
mosquitoes could indicate that mosquitoes form an integral component of their diet: 
while a polytypic diet can increase the speed of maturation, it is not essential.  
 93
Cumulative survivorship for P. wanlessi at the end of the experiment was 88.6%, as 
compared to 64% for araneophagic Portia fimbriata that were reared on a variety of 
spider prey species (their preferred prey type; Li and Jackson, 1997).  The 
survivorship for Portia fimbriata was lower than P. wanlessi even under a polytypic 
diet of its preferred prey.  However, it should also be noted that Portia in general that 
were reared on mixed diets also had comparatively low survivorship (Hallas, 1989; Li 
and Jackson, 1997), so this characteristic could be applicable to the entire genera.   
Other spider groups reared on monotypic diets had varied results: the 
linyphiid, Atypena formosana (Oi) showed high mortality when reared on green 
leafhoppers and brown planthoppers (0% and 5.8% survivorship respectively, 
Sigsgaard et al., 2001) but did very well on collembolans (77.8% survivorship, 
Sigsaard et al., 2001).  Lycosids are a particularly well studied group, and show 
similarly varied results on monotypic diets: Schizocosa spp. had approximately 80% 
survivorship on a diet of Tomocerus bidentatus, a collembolan, but only about 20% 
on D. melanogaster and 0% survivorship when fed diets of fungus gnats, aphids and 
two different toxic collembolans (Toft and Wise, 1999).  Another lycosid, Pardosa 
lugubris, had 100% survivorship on the collembolan Heteromurus nitidus; 75% on D. 
melanogaster; 30% on an aphid, Rhopalosiphum padi and 0% on one of the toxic 
collembolans used in Toft and Wise’s (1999) study, Folsomia candida (Oelbermann 
and Scheu, 2002).  Lycosids are often thought to be generalist predators, so the fact 
that we have a 75-100% survivorship on a monotypic diet is somewhat surprising, 
especially on D. melanogaster which may lack linoleic and linolenic acid and hence 
affect the development of the spiders feeding on them (Uetz et al., 1992).  The wide 
range of mortality in spiders reared on monotypic diets could also indicate that the 
effects of such diets are species specific (Uetz et al., 1992).   
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One possibility is that P. wanlessi is adapting its dietary requirements to the 
lower diversity available within bamboo internode phytotelm communities as 
compared to what would be available externally.  While Kovac and Streit (1996) 
documented a high diversity of fauna within phytotelmata and bamboo internodes, 
this diversity may only be applicable to those internodes that have been infiltrated 
with water, whereas P. wanlessi was commonly found in internodes that are dry (see 
chapter four).  If the diversity of the internodes were averaged between dry and wet 
internodes, the average diversity in any given internode would very likely drop.  By 
extension, P. wanlessi is not likely to be exposed to the full range of diversity 
described in Kovac and Streit (1996).  In fact, since the spiders were often found in 
dry internodes, the average diversity that P. wanlessi is exposed to would actually be 
quite low.  Consider also that the majority of P. wanlessi’s juvenile development can 
be spent in a single internode.  If the community structure within the internode does 
not change very drastically, what we have is a low diversity of relatively unchanging 
community structure that the juvenile spider has access to for the entire duration of its 
juvenile development.  If this were the case, then there would exist a selection 
pressure for the ability to survive to maturity on a limited diet, assuming the spiders 
do not leave the internode before maturity.  This would account for the high 
survivorship on a monotypic prey seen in the results. 
One unusual aspect of the biology of P. wanlessi is the time taken to reach 
maturity.  Paracyrba wanlessi took an average of 383.6 ± 15.7 days (mean ± SE, n = 
59, from pooled data for all groups, since neither gender not diet had significant 
effects on time taken to maturity) to mature.  Żabka and Kovac (1996) reported that 
one particular juvenile they observed had not reached maturity over a period of five 
months, and given that the hatchlings do not disperse from the internode where their 
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egg sac was laid until the 2nd or 3rd instar (personal observations), it is unlikely that 
the five months they observed this juvenile was anywhere near the time it would take 
to reach maturity.  Thus, it can be inferred that the long time taken to reach maturity is 
not merely an artefact of laboratory rearing but rather is also common in the field.  
The length of time taken to mature in P. wanlessi is considered unusually long for 
jumping spiders:  three different species of Portia took an average of 148.3, 153.6 and 
169.5 days to mature (Hallas, 1989).  Spiders from other families also usually do not 
take as long: one species of wolf spider required a median age of 337 days (Uetz et al. 
1992), another species of wolf spider required 40 weeks or approximately 280 days 
(Toft and Wise, 1999); crab spiders mature in approximately 80 days under similar 
conditions (Li, 2002); linyphiid spiders require an average of only 20.3 days 
(Sigsgaard et al., 2001); but brown spiders took up to twice as long to mature (762 
days, Lowrie, 1987).  Especially for the NBF group, the time taken to reach maturity 
reflected in the results section is probably a gross underestimate because of the large 
proportion of spiders that had yet to mature when the experiment ended.  There is also 
some indication that P. wanlessi is able to attain an unusually long lifespan for 
salticids.  Spiders reared in the laboratory that hatched over three years ago are 
currently still alive and appear healthy, even under intermittent feeding regimes (up to 
four weeks without food) on mainly D. melanogaster and occasionally Ae. albopictus 
mosquitoes.   
The long lifespan and slow maturation rate seen in P. wanlessi could be due to 
the influence of their habitat.  For example, if the spider was in a relatively dry 
internode with few other organisms inside, it might have to go for long periods 
without food.  Kovac and Streit (1996) admitted that their method of preparing the 
experimental internodes did actually allow organisms of a larger size to enter the 
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internodes that would not normally do so, and the implication is also that the ease of 
entry into the internodes were greatly increased.  Thus, their experimental internodes 
could have attracted a larger abundance of prey than P. wanlessi is normally exposed 
to in wild or non-experimental internodes.  The ability to survive for long periods 
without feeding or to postpone moulting when food is scarce could be an adaptation 
of P. wanlessi to the conditions of the interior of the bamboo internodes.  Under such 
circumstances, it would help to have a low metabolic rate, and this could be 
accompanied by a low activity level compared to other salticids.  In the prey choice 
experiments (see chapter two), the lack of any apparent motivation to pursue prey 
even after two weeks of food deprivation could indicate that P. wanlessi was still 
relatively unaffected physiologically.  Extended periods without food could be a 
characteristic of the bamboo internode habitat – a predator living inside would have to 
rely on prey items actively going into the internodes, which may have some element 
of luck involved.  This lack of abundant prey items may also contribute to the long 
lifespan of P. wanlessi.  It has been shown in numerous studies that restricting the diet 
or caloric intake of animals (invertebrates as well as vertebrates) prolongs their 
lifespan (see Masoro, 2003 for review), although with varied results in flies (Mockett 
et al., 2006) but lifespan extension appears to be valid for some groups of spiders 
(Austad, 1989). 
One surprising finding was that there was no difference in all carapace 
dimensions measured for P. wanlessi on the different diets.  Other salticid specialist 
predators such as Portia that were reared on strict diets of their preferred prey showed 
very significant differences in carapace dimensions (Li and Jackson, 1997).  It was 
hypothesized that P. wanlessi would demonstrate a similar plasticity in carapace 
dimensions, but the results showed otherwise.  It would appear that P. wanlessi does 
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not manifest low nutritional levels in the same manner as Portia, and instead of 
attaining a smaller size after moulting, P. wanlessi would delay moulting instead, 
which ties in with the extended lifespan. 
The only areas in which a significant difference was found in terms of the 
physical parameters measured was in the weight, TBL and abdomen length (AL, 
which was derived from the difference between total body length and carapace 
length).  It is very likely that all the significant differences observed arise from 
changes in the size of the abdomen: all carapace measurements showed no significant 
differences, but TBL differs between groups so the difference has to lie with the 
abdomen.  Differences in weight between groups are also very likely to arise from an 
increase in abdomen size which in turn correlates with nutritional state (Anderson 
1974; Forster and Kavale, 1989; Wise 1993; Taylor et al., 2000), since food storage in 
spiders is in the midgut and in well-fed spiders, the bulk of the abdomen consists of 
caecal fluids (Foelix, 1996).  The weight of prey consumed was not very different 
between groups, and in fact, the BF group consumed less in terms of prey weight than 
the FF group did (see table 3-2).  Thus, the difference in abdomen size/weight 
between the groups cannot be due simply to the FF group having fed less, since both 
the weight of the prey provided and the weight consumed were similar.  The results 
concur with the general consensus in the literature that laboratory reared D. 
melanogaster is unsuitable as prey for developing spiders (Uetz et al., 1992; Toft and 
Wise, 1999; Oelbermann and Scheu, 2002). 
It is interesting to note that at the juvenile (4th instar) stage, the BF group was 
the only group of spiders that was larger than the FF group in terms of weight, TBL 
and abdomen length, whereas when the spiders reached instar 6, BF males were no 
longer significantly larger than FF males, but the NBF males were now larger than FF 
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males in terms of TBL, weight and AL.  Sixth instar BF females were also not 
significantly larger than FF females except in terms of abdomen length, and in 
addition to NBF females being larger, MX females are also larger than FF females.  It 
would thus appear that the BF group enjoyed an initial growth spurt which eventually 
tapered off to similar levels as the FF group, and these two groups were both 
overtaken by the NBF and MX groups.  This may signify that at early instars, blood-
fed mosquitoes may actually be a good diet for P. wanlessi juveniles, but either the 
benefits derived are not enough to keep up with the growth of the spiders (i.e., 
insufficient numbers fed to the spiders each week for later instars) or the nutritional 
requirements of later instar P. wanlessi change as they grow.  Based on the state of the 
spiders when they died, BF spiders did not seem to be lacking in terms of nutrition – 
as mentioned earlier, the abdomen of recently dead BF spiders were often bloated in 
stark contrast to recently dead spiders in the FF group, where in almost all cases the 
abdomen was shrivelled and gave the impression that the spiders lacked something in 
the diet. 
On the whole, P. wanlessi’s growth on the various prey types conformed to 
what would be predicted by ODT – spiders reared on their preferred prey (see chapter 
two) showed much higher survivorship and vastly increased longevity than those 
reared on other diets.  However, some areas remain to be explored, because apart 
from survivorship, the physical parameters that were measured in this species seemed 
not to differ, a contradiction which may be resolved through more detailed 
documentation of their biology and the causes for the lower survivorship under the 
non-preferred prey groups.  Other areas that could also be explored in the context of 





Paracyrba wanlessi would seem to have a few peculiarities in the manner in which it 
reacts to being reared on various diets.  Firstly, it appears to have an extraordinarily 
long lifespan for a jumping spider, and the prerequisite for its survival to maturity is 
that its diet should include adult mosquitoes in significant numbers, since the BF 
group did not show very good survivability.  Also, unlike other prey-specialist 
salticids, P. wanlessi appears to have no problems reaching maturity and surviving on 
a monotypic diet of its preferred prey.  All these features of this mosquito specialist 
species can be related back to the highly unusual microhabitat that in lives in, and 




A study on the habitat of Paracyrba wanlessi 
ABSTRACT:  A field study was conducted to verify if Paracyrba wanlessi is as 
closely associated with bamboo as was reported in the literature, and to determine if 
P. wanlessi had any potential for use as a biological control agent, since its diet was 
reported to consist largely of mosquitoes.  Three transects were set up in the type 
locality, Ulu Gombak, Selangor, Peninsular Malaysia, and items that could potentially 
have been colonised by P. wanlessi were set out in the forest in a systematic 
arrangement.  The vegetation around the transects were thoroughly searched every 
two months for P. wanlessi outside of internodes, but none were found.  No spiders 
colonised the items set out as potential microhabitats.  The findings confirmed the 
initial observation that this species is very closely associated with fallen bamboo, but 
sheds new light onto the natural microhabitat of these spiders, and has strong 
implications for the spider’s diet in the wild as well as its use as a model organism for 
prey preference experiments.  Paracyrba wanlessi was also found to be unsuitable for 





The habitat of Paracyrba wanlessi 
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Paracyrba wanlessi is a jumping spider belonging to the subfamily Spartaeinae that 
has been reported to exclusively inhabit the internodes of fallen bamboo culms (Żabka 
and Kovac, 1996).  The spiders were first found in artificially opened internodes that 
were set out in the forests in Ulu Gombak, Selangor, Peninsular Malaysia.  These 
internodes were used to study the phytotelm communities that could be found within 
the internodes of naturally fallen bamboo culms.  They consisted of bamboo 
internodes that were sawn open for easy access to the interior - the culm was sawn 
such that the upper portion could be used to close the internodes again after 
observation.  However, this technique of opening up the internode had the added 
effect of greatly increasing the ease of access that organisms and water had to the 
interior, thus potentially introducing artefacts.  During the course of their long term 
study, Żabka and Kovac (1996) described this new genus of jumping spider and 
reported that they seldom found this species outside of the internodes despite 
extensive searches of the surrounding habitat.  Only on five occasions did they find 
spiders outside, and even then they were only observed entering the internodes, i.e., 
they were  near the internode entrance and not wandering far (Żabka and Kovac, 
1996).  The type habitat consists of a bamboo forest running along the length of a 
stream, Sungei Gombak (see Fig. 4-1).  They inhabit internodes of fallen bamboo 
culms primarily of the species Gigantochloa scortechinii and G. ligulata, which exist 
as clumps of bamboo interspersed with secondary forest vegetation.   
All evidence suggests that P. wanlessi is a specialist inhabitant of bamboo 
internodes, as it has never been found in any other microhabitat despite considerable 
sampling effort in potential microhabitats such as tree cavities, pitcher plants, small 
puddles, spraywater pools (Żabka and Kovac, 1996).  However it stands to reason that 
the spiders must have some means of dispersal – they were not found at all in the 
 102
areas between bamboo clumps, but must have some means of getting from one clump 
to the next.  Paracyrba wanlessi is thought to be widespread throughout Peninsular 
Malaysia wherever such habitats are available (Żabka and Kovac, 1996).  If this were 
true, it would be even more important for P. wanlessi to have some means of 
dispersal, not only between bamboo clumps but also between areas where such 
habitats are available.   
 Despite Żabka and Kovac (1996) performing an extensive search in the area 
over an extended period and finding few spiders outside of the internodes, their search 
was more focused on phytotelm communities, or areas where small pool habitats were 
available: tree cavities, pitcher plants, small puddles, spraywater pools (Żabka and 
Kovac, 1996).  It might therefore be profitable to search the habitat again with a 
different focus altogether.  Most spartaeine spiders tend to be found in a few distinct 
types of microhabitat typical of this group, such as on the surface of tree trunks with 
rough bark, between the buttress roots of trees, under certain leaves and so on 
(personal observations).  Thus, if we were to shift the focus of the search away from 
small pool habitats towards typical spartaeine spider habitats, we might possibly find 
the spiders outside of the bamboo internodes.  Furthermore, to extrapolate from Żabka 
and Kovac (1996)’s idea that P. wanlessi would most likely be found in small pool 
habitats, one could postulate that if one could provide a habitat similar enough to the 




Fig. 4-1. General habitat of P. wanlessi is secondary rainforest interspersed with 
bamboo clumps along a stream, Sungei Gombak 
 
Potential for use in biological control 
 
It was observed that P. wanlessi took very well to being reared in the laboratory, with 
relatively low mortality (see chapter three).  This may indicate that P. wanlessi is a 
particularly robust spider and may in fact be capable of adapting to live in different 
habitats.  Contrary to this would be the observation that the spider has not yet been 
found anywhere else outside of bamboo internodes, but this could also be explained 
by the fact that such internodes represent a very secure and yet greatly abundant 
microhabitat.  There would be little reason for P. wanlessi to leave the internodes if 
they are capable of getting all the food they require from the phytotelm communities 
within as Żabka and Kovac (1996) suggest.  If indeed these spiders are as robust as 
they appear, then one might speculate that having been enticed to colonise and settle 
into an artificial microhabitat that is reasonably similar in shape to the interior of 
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bamboo internodes, one might transplant these spiders from their native microhabitat 
and allow them to colonise other areas outside of bamboo forests.  This would be 
particularly useful in light of the fact that their preferred prey are adult mosquitoes 
(see chapter two), and in the absence of adult mosquitoes, they tend to feed on aquatic 
organisms as well, primarily on mosquito larvae (Żabka and Kovac, 1996).  These 
very useful tendencies could be put to good use if the spiders were introduced into 
areas where bamboo forest habitats are unavailable, but similar artificial microhabitats 
are abundant, and control of the mosquito population is troublesome or uneconomical.  
It is therefore imperative to investigate how intimately the spider’s habitat is linked 
with this plant species in order to assess its potential as a biological control agent 




Mosquitoes play a major role in vector-borne diseases throughout the world, and 
various control programmes have been implemented - most of which utilized repeated 
application of chemicals to try to stem the transmission of diseases by eliminating the 
vectors (Service, 1985).  While eradication of medical pests is the most desirable 
outcome, it is practically and economically unfeasible, particularly in the light of the 
emergence of insecticide resistant strains of mosquitoes in recent decades (see 
Hemingway and Ranson, 2000 for review).  Complementary to chemical control in 
any integrated pest management program is biological control, through introduction 
or augmentation of natural enemies such as predators or parasites.   
Dengue is the most common and widespread arthropod-borne viral disease 
(arbovirus) in the world, with an estimated 50 million people worldwide being 
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infected each year, 500,000 cases of dengue hemorrhagic fever, and 12000 deaths 
(WHO, 2002a).  The disease is endemic in more than 100 countries, from Africa to 
the Americas and Southeast Asia (WHO, 2002b).  The vectors of this disease are 
mosquitoes belonging to the genus Aedes, and the virus is transmitted via the salivary 
glands of these mosquitoes. With recent outbreaks reaching epidemic levels 
throughout Southeast Asia especially in Singapore, Malaysia, Vietnam, Cambodia, 
Indonesia and Thailand (VOA news, 2007), greater efforts are being made throughout 
the region to try to eliminate the mosquito vectors.  While dengue is prevalent in the 
region during the annual rainy season due to flooding and stagnant water, this year’s 
outbreak appears to be particularly serious.   
In Singapore, there are two species of Aedes mosquito which act as vectors for 
dengue: Aedes (Stegomyia) albopictus (Skuse) and Aedes (Stegomyia) aegypti 
(Linnaeus) (Chan et al., 1971a).  Ae. aegypti was originally established to be the 
primary vector, because this species is highly anthropophilic and domesticated and 
breeds in a wide variety of artificial containers such as flower vases, jars, bottles, tin 
cans and rubber tyres (Cristophers, 1960; Chan et al., 1971a; Ho et al., 1971) as well 
as rests in dark indoor areas (Liew, 2001).  Ae. albopictus typically favours more 
outdoor breeding sites such as bamboo stumps, tree holes, leaf axils, fallen leaves, 
coconut husks and pitcher plants (Nepenthes sp.), but it may also breed in artificial 
containers and also roof gutters and concrete drains (Chan, 1971; Chan et al., 1971a; 
Ho et al., 1971) and rests both indoors and outdoors (Liew, 2001).  Originally thought 
to be the secondary vector, Ae. albopictus became a more important vector for dengue 
transmission when Ae. aegypti were successfully eliminated from some parts of 
Singapore’s urban environment, and Ae. albopictus started moving into this now 
vacant niche (Chan et al., 1971b; Ho et al., 1971; Chan, 1985). 
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Current state of biological control of mosquitoes 
 
Current control measures in Singapore include fogging of rooms with all the openings 
closed to control adult mosquitoes (Liew, 2001) and using anti-malarial oil and 
temephos (Abate) or Bacillus thuringiensis israelensis (Bti.) against mosquito larvae 
(Baptista and Bakshi, 2003).  The use of chemicals to control insect pests has not been 
very popular ever since the ecological disasters resulting from the use of DDT were 
brought to light (see Carson, 1962).  Few control programmes in Singapore employ 
any biological control agents - live fish kept in reservoirs serve to keep them free of 
mosquitoes (Lim and Ng, 1990), but on the whole, using biological control agents to 
manage mosquito populations is a very neglected area.  In other countries, fish are 
commonly used in mosquito larva control programmes (Frenkel and Goren, 2000; 
Kim et al., 2002; Lardeux et al., 2002; Martinez-Ibarra et al., 2002) as well as 
copepods (Micieli et al., 2002; Dieng, Boots and Tuno et al., 2003) and water stick 
insects (Amsath, 2003).  In some natural predators of mosquito larvae such as 
copepods, a single animal killed an average of 29 mosquito larvae within a 24h period 
(Micieli et al., 2002), but this can also lead to increased fitness among the larvae that 
survive, which can result in further difficulties in control (Dieng, Boots and 
Mwandawiro et al., 2003). 
Biological control of the mosquito’s aquatic larval stage is the most logical, 
since it is during this period that the larvae are confined and concentrated in a specific 
location unlike the adults, which disperse widely through flight.  Fish appear to be the 
most common agent of biological control against mosquitoes, however, fish can only 
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be maintained in a sizable body of water, whereas mosquitoes are capable of breeding 
in small, temporary pools such as those that form in artificial containers.   
In order to complement the current repertoire of macroinvertebrate predators 
of mosquito larvae used for control of mosquito larvae, one might consider adding P. 
wanlessi as a potential biological control agent for mosquitoes.  Unlike P. wanlessi, 
copepods are restricted in their means of dispersal from one pool habitat to another, 
and P. wanlessi has the advantage of feeding on both adult and juvenile stages of 
mosquitoes, such that a female mosquito approaching a pool habitat with a resident 
spider is likely to be targeted as a preferred prey item, whereas neither copepods nor 
water stick insects have been shown to have this tendency.  Paracyrba wanlessi 
would therefore be an ideal candidate to complement our current repertoire of 




The objectives of this study are to better characterise the preferred habitat of P. 
wanlessi since the setup in which the species was first described was semi-artificial.  I 
also aim to assess P. wanlessi’s potential for use as a biological control agent for 
mosquito larvae, especially in dumping grounds where many types of junk present 
ideal habitats for mosquitoes to breed.  Based on the descriptions of where the spiders 
are found (Żabka and Kovac, 1996), I hypothesized that the spiders would be found in 
decaying bamboo internodes, more frequently those with phytotelm communities 
within (i.e. the bamboo internodes that contain a body of water with associated fauna).  
I also hypothesized that P. wanlessi would occupy artificial habitats with similar 
properties to the bamboo internodes that they naturally inhabit. 
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MATERIALS AND METHODS 
 
In order to complement data collected by Żabka and Kovac (1996), the type habitat, 
Ulu Gombak Field Studies Centre (University of Malaya) in Selangor Darul Ehsan, 
West Malaysia, where P. wanlessi was first found was re-surveyed with particular 
attention being paid to typical spartaeine spider habitats in the area (see Fig. 4-2 and 
Fig. 4-3).  The area was surveyed every month from April 2004 until May 2005.  
Furthermore, instead of using an artificially opened bamboo internode setup such as 
the one used by Żabka and Kovac (1996), the internodes of naturally fallen bamboo 
culms were hacked open to search for P. wanlessi.   
Apart from a generalized search of the area, three 100 m transects were set up 
which were searched more thoroughly than the surrounding area.  The transects were 
constructed parallel to the stream, roughly 20-30 m from the banks (see Fig. 4-4).  
These transects were sampled once a month over the entire duration of the experiment 
using sweep netting along the entire length, inspection of large trees with buttress 
roots or other potential spartaeine spider habitats.  Bamboo clumps within the 
transects were closely observed for any signs of P. wanlessi inhabitation, such as 
exuviae (which were commonly found on the upper surface of the interior of 
internodes) or old nests from which the juvenile spiders had already dispersed (also 
found on the upper surface of the internode interior).  For the most part, the fallen 
bamboo culms within the transects were not hacked into to prevent contamination of 
the data, since the act of hacking open the bamboo might release any P. wanlessi 
inside.  If any released spiders were found outside of the internodes, it might be taken 
as a false positive for a spider found outside of the bamboo internodes.  The only time 
when the bamboo clumps in the areas around the transects were hacked into was a 
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month prior to the start of the experiment, in order to establish that there was a 
resident population in the area at all.   
In addition to the habitat search, various objects known to be breeding 
microhabitats for the Aedes mosquitoes were placed along the transects and monitored 
for occupancy by P. wanlessi.  Items used as microhabitats were plastic cups (upper 
diameter: 8.7 cm, lower diameter: 5.2 cm, height: 10.5 cm), flower pots (with 
drainage holes; diameter: 12 cm, height: 10cm), polyethylene terephthalate (PET) 
water bottles (diameter: 6.5 cm, height: 21 cm, capacity: 500 ml), aluminium soft-
drink cans (diameter: 6.6 cm, height: 12.3 cm, capacity: 355 ml) and rubber tires from 
mountain bikes (diameter: 66 cm).  These items were chosen based upon their 
similarities to the enclosed habitat that bamboo internodes present as well as potential 
presence in areas where there might be problems controlling the mosquito population, 
such as landfills.  The items were placed in six clusters 20 m apart over the length of 
the transect at points 0 m, 20 m, 40 m, 60 m, 80 m and 100 m.  Any spiders found 
occupying the items were to be caught, their descriptions recorded and then kept to be 
used in laboratory experiments. 
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Fig. 4-2. Schematic outline map of Peninsular Malaysia, showing the location of the 





























Fig. 4-3. Schematic outline map of Kuala Lumpur, showing the location and 
directions to the Ulu Gombak Field Studies Centre, University of Malaya. 
Ulu Gombak Field 








Fig. 4-4. Schematic layout map of the three 100 m transects in relation to Ulu 



















Paracyrba wanlessi was only found within the internodes of fallen culms.  The 
spiders tended to be found in fallen culms of bamboo clumps within a certain distance 
from the banks of the stream, with few spiders being found in culms from clumps less 
than 5 m away from the stream, and also not more than 30 m away from the stream 
banks.  Most frequently, this meant that the clumps lay on the sides of a steep slope, 
rising up from the stream bank.  Bamboo clumps beyond this distance also had few 
spiders, where the slope levelled off to a relatively flat plateau. 
Only on one occasion was P. wanlessi found outside of an internode, when an 
adult male was found walking on the outer surface of a bamboo culm.  However, this 
one occasion could have been due to the practice of “knocking” the culm with the 
edge of the machete, causing the spider to evacuate the internode.  This practice 
allows one to check if there are any spiders on the culm surface before hacking into it. 
One surprising finding from the general survey of the area and hacking into 
the bamboo to access the spiders was that P. wanlessi was not always found in 
internodes that were infiltrated with water or had phytotelm communities within.  
Spiders were actually found fairly frequently in internodes that were completely dry 
and had no other inhabitants aside from the spider. 
Spiders were also found sharing the internodes with ants, unusual in itself 
because ants are usually aggressive to other organisms, specifically those 
approximately the same size as P. wanlessi.  There is a possibility that the spiders 
may have run into the ant-colonised internode when the adjacent internode was 
 114
hacked into by machete if the two internodes were linked, but in general the spider 
tends to stay very still initially while the internode is being opened. 
In accordance with Żabka and Kovac (1996)’s findings, a single culm may 
house more than one spider in different internodes.  Most often these would be 
juveniles of roughly similar size, possibly dispersed from the same egg sac, and 
sometimes the abandoned nest could also be found in the same culm.  On rare 
occasion, a pair of adult spiders could be found in the same internode, presumably for 
the purpose of mating.  Juveniles were less often found together in the same 
internode, unless they were small enough such that they could possibly have been 
siblings from the same egg sac.  There was one sighting of a later instar juvenile 
individual preying upon a smaller conspecific, so perhaps some cannibalism exists 
with internode septa as boundaries.  Spiders were seldom alone in a single culm; if a 
spider was found in one internode of a culm then there would be a high chance of 




Sweep net sampling found no spiders in the vegetation outside of bamboo clumps, 
and neither did the detailed search of typical spartaeine spider habitats.  Pitfall traps 
set up on one occasion (11 traps spaced evenly along a 100m transect filled with 100 
ml of 70% ethanol and 3 ml of glycerol) failed to trap any individuals of P. wanlessi.  
Items placed along the transects also failed to attract P. wanlessi to colonise, even 
though other common spider inhabitants of bamboo internodes such as theridiids did 





The most pertinent finding from the field study was that P. wanlessi was found 
primarily in dry bamboo internodes.  According to Żabka and Kovac (1996)’s paper, 
P. wanlessi took a large proportion of aquatic prey in its natural diet.  Thus, one might 
expect that internodes without such an aquatic community would not be able to 
support a spider.  However, one must also consider that the setup Żabka and Kovac 
(1996) used was artificial, with internodes being sawn open for ease of access.  This 
also means that there was a large gap through which water and other animals might 
access the internode interior.  In fact, one could argue that the prey types and 
communities studied by Żabka and Kovac (1996) were largely artificial in nature.  For 
instance, almost all of the experimental internodes used by Żabka and Kovac (1996) 
had water within, whereas the vast majority of the internodes opened via machete 
were dry, often supporting no communities.  This was true also for most of the 
internodes in which P. wanlessi individuals were found to inhabit.  One might 
conjecture that in its true natural niche, P. wanlessi may not actually feed upon such a 
large proportion of aquatic organisms, since many spiders were found in dry 
internodes 
These results present a vastly different scenario regarding the behavioral 
ecology of P. wanlessi than was originally thought based upon the reported diet of 
mostly aquatic organisms.  Instead of being a dominant predator of aquatic 
invertebrates within the bamboo internode microhabitat, P. wanlessi could actually be 
simply using the internodes as an impervious shelter, emerging to feed perhaps at 
night, when nobody has yet thought to look for them.  It has traditionally been 
assumed that salticids are inactive at night, primarily because they have extremely 
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acute vision for their size (Land and Fernald, 1992; Land and Nilsson, 2002) and are 
thus highly visual hunters, hence the need for activity during daylight hours.  
However, one must consider that P. wanlessi is a highly unusual salticid: it inhabits 
the interior of bamboo internodes, where if there is any light at all, it would be dim at 
best and close to pitch dark otherwise.  It is doubtful that any other salticid inhabits 
such a low-light environment full time.  The results from the field study by Żabka and 
Kovac (1996) imply that the spider is capable of catching prey under dim conditions, 
thus there is a possibility that P. wanlessi might actually have vision that is adapted 
for the dim conditions inside a bamboo internode, but this has yet to be investigated.   
Various factors appear to add up to support the idea that the spiders may 
actually emerge at night to forage: 1. Many spiders have been found in internodes that 
appear to have no other inhabitants aside from the spider, and no other exits to 
adjacent internodes that might have potential prey.  2. The spiders must have some 
means of dispersal, either initially after hatching or when the culm they are in 
deteriorates to unacceptable conditions, or at least to gain access to food, hence they 
have to leave the bamboo internodes at some point in time.  3. The spiders have 
almost never been found outside of the internodes during the day.   4. No concerted 
effort has been made to search for the spiders at night.  5. It is likely that the spider’s 
vision is adapted to seeing in low light, given their microhabitat, and would therefore 
be suitable to hunting by moonlight or even less ambient light.  While there is, as yet, 
no direct evidence to show that these spiders forage outside of the internodes at night, 
the circumstantial evidence is compelling, and definitely warrants investigation. 
Another possibility that has yet to be explored is that the spiders have some 
alternative means to move from one clump to the next.  Apart from crawling over the 
distance to be traversed, spiders may also spin spanning lines, threads of silk which 
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are transported by the wind, then fixed to the vegetation and used to move about 
(Eberhard, 1987; Marc et al., 1999).  This technique may be useful especially in the 
bamboo forest habitat where the vegetation surrounding the bamboo clumps can be 
thick and it also has the advantage of avoiding areas with potential predators.  A 
second technique that may be used is ballooning: under specific weather conditions, 
the spider climbs to a high point such as the top of a living bamboo culm and turns to 
face into the wind.  It then expels several strands of silk which are carried into the air, 
dragging the spider along with them (Marc et al., 1999). This technique may be more 
appropriate for newly hatched juvenile P. wanlessi dispersing to other clumps, and 
has the disadvantage of being somewhat unpredictable: spiders have no control over 
where the wind will bring them, although a spider may simply launch itself a second 
time should the habitat it lands in be unsatisfactory for any reason.  While numerous 
juvenile P. wanlessi have been found in a single culm where the remnants of an egg 
sac were found as well, the fact that these numbers eventually decline as the spiders 
mature would mean that most of the juveniles either perish or manage to disperse. 
 
Potential for use as a biological control agent 
 
It would appear that P. wanlessi is unsuitable for use as a biological control agent in 
dumping grounds due to the fact that the spiders failed to colonise any of the items 
placed as potential microhabitats to simulate bamboo internodes.  However, this 
conclusion is based on a field study, which may have introduced complicating factors.  
In the field, it is likely that there is an abundance of available bamboo internodes for 
colonization by P. wanlessi, given the large number of bamboo culms that fall in each 
clump.   One could argue that with such an abundance of their natural microhabitat 
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there should be no reason for them to venture into a less familiar microhabitat.  
However, if the spider were to be placed into a situation which is entirely foreign and 
their preferred microhabitat of bamboo internodes is absent, they might then seek 
shelter in any available microhabitat that is as similar to these internodes as possible.  
Alternatively, the spiders might seek shelter in vegetation native to the area other than 
fallen bamboo.  
It could also be possible that this relationship between P. wanlessi and its 
associated bamboo species might be too intimate to be so easily subverted.  The 
relationship of spider species to vegetation type has been well documented (Allred, 
1975), and it is generally recognized that there is a close correspondence between the 
vegetation and the composition of the associated spider community, which is related 
to the vegetation architecture or cover rather than its diversity (Marc et al., 1999).  
Numerous workers have detailed these relationships and there have also been several 
reviews regarding such synecological studies (Clausen, 1986; Uetz, 1991; Duffey, 
1993; Wise, 1993).  However, given the robust manner in which the spider has taken 
to rearing conditions in the laboratory, it might just be possible that this species will 





Paracyrba wanlessi was confirmed to live only in the internodes of fallen bamboo 
culms, as the spider was not found despite extensive searches of vegetation along the 
three transects set up for this experiment.  Surprisingly, the spiders were also found in 
completely dry and clean internodes, which has implications for its natural diet – this 
species may not take as much aquatic prey as initially reported, since such prey would 
be unavailable in dry internodes.  The possibility that Żabka and Kovac (1996) based 
their conclusions on an artifact has to be considered, and all subsequent work on P. 
wanlessi should also take into consideration that their natural habitat is somewhat 
different from that described.  A much more detailed field experiment would be 






Paracyrba wanlessi as a specialist inhabitant of fallen bamboo internodes 
 
Paracyrba wanlessi is best described as a specialist inhabitant of the internodes of 
fallen bamboo culms.  The fact that the spider inhabits such an unusual microhabitat 
is worthy of comment in itself: salticids, being highly visual predators (Jackson and 
Pollard, 1996; Lim and Li, 2006), tend to choose brightly lit, open habitats; whereas 
the interior of a bamboo internode would be very dim conditions to find a salticid.  
Even more unusual is that the spider appears to seldom venture from this dark 
microhabitat, and is hypothesized to complete the entire duration of its development 
within (Żabka and Kovac, 1996).  Various findings in this thesis tend to support this 
view of P. wanlessi, and highlight adaptations that may be useful or may have arisen 
as a direct result of having evolved within this specialized microhabitat. 
The use of a bamboo internode as its habitat, while unusual, confers distinct 
advantages to P. wanlessi.  The internode is very sheltered from predators – the only 
access into these internodes are created by boring insects or other animals, and the 
size of these holes limits the size of predators that can enter  the internodes.  It would 
probably be too much effort for a predator to attempt breaking into a bamboo culm 
searching for prey.  The larger predators that would normally prey upon spiders about 
the same size as P. wanlessi (e.g. birds or lizards, mantids, larger spiders) would 
either be unable to gain access to the interior of the internodes, or it would simply not 
be worth their while to try.  The only predators that are known to prey upon P. 
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wanlessi within the bamboo internodes are other web building spiders (Theridiidae, 
Kovac and Streit, 1996) or conspecifics (Żabka and Kovac, 1996).  Other potential 
predators would be ants or termites that utilise the internodes as nest sites, but it is not 
known if these prey upon the spiders.  Paracyrba wanlessi would therefore have a 
virtually impregnable habitat in which to complete its development. 
Other arthropods seeking shelter from predators would also find similar 
advantages to taking refuge within a bamboo internode.  Thus, in addition to 
providing P. wanlessi with shelter from predators, the internodes may also act as 
some form of prey attractant, since the majority of small arthropods that can take 
shelter within the internodes are also around the same size range of prey that P. 
wanlessi could consume. 
The advantages of staying in such an advantageous habitat do not come 
without a price.  The spider would have to be able to survive and hunt under the low 
light conditions within the internodes.  While this ability has yet to be tested directly, 
some evidence exists for it from the experiments conducted in chapter two.  
Paracyrba wanlessi appears not to notice its prey unless movement has attracted its 
attention, and even then, if the prey stops moving, the spider may cease pursuit which 
may indicate an inability to see stationary prey.  This could possibly be an adaptation 
to hunting in low light conditions.  Under low light, details of prey are obscured and a 
predator would be more likely to use movement as a cue for detecting prey.  A 
stationary image may in fact just be an imperfection on the surface of the interior of 
the internode.  Thus, P. wanlessi may not form search images as quickly or as readily 
as other salticids, or may have a higher threshold for reacting to search images 
because of the low light levels in its natural microhabitat. 
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Staying inside bamboo internodes may also subject P. wanlessi to fluctuations 
in the supply of available prey.  If the internode that the spider stays in does not have 
a phytotelm community, then either the spider will have to leave the internode to hunt 
or rely on the occasional incidental prey that enters the internode.  As a consequence, 
P. wanlessi may have to be adapted to starving for long periods when food is scarce.  
We again see evidence for this in chapter two, when spiders do not appear to have any 
urgency to eat even after having starved for two weeks.  This ability to forgo food for 
long periods may also manifest itself physiologically in a lowered metabolic rate – 
just as a generalised observation, laboratory reared P. wanlessi tend to spend much of 
their time motionless in the same place of the housing, compared to other salticids 
that can be seen wandering around their housings during daylight hours.  Laboratory 
reared spiders also seemed to be able to survive (with no ill-effects) up to four weeks 
without being fed (personal observations). 
Another possible sign of P. wanlessi having a low metabolic rate is its 
extraordinarily long lifespan.  The relationship between lifespan and metabolic rate 
has been recognised for almost three decades (Sacher, 1977; Sacher and Duffy, 1979), 
and it was shown in chapter three that P. wanlessi has a much longer average lifespan 
than other salticids, hence one might infer that P. wanlessi would also have a similarly 
lowered metabolic rate compared to those same spiders. 
Yet another adaptation to living in a bamboo internode might be P. wanlessi’s 
ability to develop to maturity on a monotypic diet.  Although Kovac and Streit (1996) 
reported quite a high diversity within each internode, one must keep in mind that the 
diversity reported did carry some level of inaccuracy due to the artificial nature of the 
setup required to study it.  Furthermore, if one were to take the average natural 
diversity of all internodes, it would be much lower than the reported figure.  This 
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would be due to the fact that the majority of internodes were dry and devoid of 
organisms, including many internodes where the only organism within was P. 
wanlessi.  It would not be hard to imagine that if a juvenile P. wanlessi were to 
inhabit an internode that had a water body in which mosquitoes were breeding, the 
spider would be able to grow to maturity without having to leave the internode.  
Taking into consideration the conclusions from chapter two, the juvenile would 
primarily feed upon adult mosquitoes perhaps emerging from the pool of water, or in 
times of scarcity, would take larval mosquitoes.  The high survivorship on monotypic 
diets seen in chapter three would indicate that even if only one species of mosquito 
had laid eggs in that phytotelmata (a somewhat unlikely event), P. wanlessi would 
still be able to survive, so long as there is an adequate supply of that prey item. 
Chapter four of this present study as well as Żabka and Kovac’s (1996) paper 
have clearly shown that with few exceptions, the spider was always found within 
bamboo internodes.  These observations, as well as the adaptations outlined above, all 
indicate that P. wanlessi is indeed a highly specialized inhabitant of bamboo 
internodes. 
 
Paracyrba wanlessi as a specialist predator 
 
In the introductory chapter (chapter one), it was defined what it means to be a 
specialist predator.  Thus, at the concluding chapter of this thesis, it would be 
appropriate to consider if P. wanlessi could indeed be classified as such.  To recap, a 
specialist predator should: 1) have a particularly high proportion of the preferred prey 
in its diet; 2) be able to consistently choose such prey based on characteristic 
morphological/behavioural features, and 3) the prey group should be sufficiently well-
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defined to be able to say that the predator only prefers prey from this group.  Finally, 
it should be shown that this preference of the specialist predator has some 
physiological benefit, and if this prey is in fact an “Optimal” diet, or that the predator 
is foraging optimally when it chooses its preferred prey. 
The basis of chapter two was primarily the observation that, apart from aquatic 
prey, adult mosquitoes made up a significant proportion (approximately 1/5th) of P. 
wanlessi’s terrestrial diet in experimental internodes.  Whether this satisfies the first 
condition outlined above or not is somewhat arguable, and you would have to 
consider the likelihood of encountering an adult mosquito under such circumstances 
to appreciate that there may in fact be a preference for this prey.  One might instead 
choose to consider the larval mosquitoes that make up more than a third of their entire 
diet, and see if P. wanlessi is a specialist predator of larval mosquitoes.  We therefore 
turn to the next condition of having the ability to consistently choose the prey based 
on its characteristic features.  From chapter two, we see that P. wanlessi clearly 
chooses adult mosquitoes over their aquatic larval stage.  Hence, despite considerable 
evidence in its natural diet that P. wanlessi might be a specialist predator of larval 
mosquitoes, it fails to demonstrate this in terms of a consistent choice.  What we have 
instead is a consistent choice of adult mosquitoes over not only larval mosquitoes, but 
other insects as well.  As for the definition of the group that P. wanlessi specialises in 
preying upon, one might tentatively place all adult mosquitoes under their preferred 
prey, since no preference was seen in preliminary experiments on being able to 
distinguish between Aedes and Culex adult mosquitoes.  Until one group of 
mosquitoes is found that is either preferred above others, or shunned as prey, we can 
consider this group as the preferred prey of P. wanlessi. 
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As a final step, one must consider if preying upon this preferred prey has any 
physiological benefit to P. wanlessi.  From chapter three, while the mixed diet could 
have been considered to be the most favourable diet for P. wanlessi’s development, 
the group that was fed only non-blood fed mosquitoes came in a close second.  
Considering the fact that the majority of spiders tend not to do very well when reared 
on a monotypic diet (even when a supposed specialist predator is reared on a diet of 
its preferred prey type), P. wanlessi reared on non-blood fed mosquitoes only does 
surprisingly well.  While this final piece of evidence is merely an initial foray into 
determining the physiological impact of rearing P. wanlessi on its preferred prey, it 
gives a strong indication that mosquitoes do indeed provide some fitness benefits to 
the spider.  We can therefore tentatively conclude that P. wanlessi is indeed a 
specialist predator of adult mosquitoes. 
 
Does Paracyrba wanlessi forage optimally? 
 
Having shown that P. wanlessi is indeed a specialist predator of adult mosquitoes, one 
would then ask the next obvious question: is P. wanlessi foraging optimally?  We can 
assume that for a culicivorous salticid, mosquitoes would be the optimal prey in 
Optimal Foraging Theory (OFT)’s terms.  On the whole, the predictions of OFT 
tested in this study have held up quite well.  Spiders that were starved lost their 
preference for adult mosquitoes in most cases, which follows the prediction that 
starved spiders would have to broaden their diet in order to survive, and take prey of 
lower rank.  Similarly, the prediction of Optimal Diet Theory (ODT) also held up, in 
that when reared on their preferred prey of adult non-blood fed mosquitoes, P. 
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wanlessi did very well in comparison to those spiders reared on less preferred prey, 
fruit flies (see chapters two and three).   
While the fact that the predictions made by these theories were borne out by 
P. wanlessi feeding upon mosquitoes could give some indication that P. wanlessi is 
foraging optimally, is insufficient to determine if the spider is actually doing so.  The 
original context for optimal foraging included other aspects such as handling time of 
prey, energy gain, time spent in a particular area and so on.  One might try to draw 
some conclusions regarding a few of these aspects with respect to P. wanlessi’s 
microhabitat.  To determine if P. wanlessi is foraging optimally, the time spent 
searching for new prey must also be taken into consideration, but in P. wanlessi’s 
case, it almost never leaves the bamboo internode so this time would be minimal.  The 
most likely reason for this is that the spider is able to find sufficient prey inside the 
internode, i.e., the quality of the internode as a foraging patch does not deteriorate 
sufficiently to adversely impact the spider’s development.  This can also be somewhat 
of an inference on the patch residence time: since the spider need not leave, one might 
consider the internode an ideal foraging patch for P. wanlessi. 
All these also make some assumptions regarding the physiology of P. 
wanlessi: this spider has a sufficiently low metabolic rate to allow the prey 
community of the bamboo internode to replenish, and it never needs so much prey 
that it depletes the patch.  The amount of food required to support P. wanlessi would 
actually determine the length of tenancy in each internode. 
It would probably be premature to conclude based on this study if P. wanlessi 
were foraging optimally, although many of the factors presented above would indicate 
so.  It would require much more solid data on this spider’s natural diet with a more 
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rigorous methodology in order to answer this question properly, but some of the 
findings from this study may point to the right direction to do this. 
 
Future research on Paracyrba wanlessi 
 
As is the case with any new area of research, this work on P. wanlessi generates 
questions than it answers.  Especially in the field of specialist predators and prey 
preference among the salticids, culicivory or mosquito-eating is only just beginning to 
emerge, and much more needs to be established with regards to both culicivorous 
salticids, Evarcha culicivora as well as P. wanlessi. 
The first area in which P. wanlessi needs much more work in is its natural 
habitat.  In chapter four, I tried to elucidate the means by which this spider disperses 
from the internodes where it hatches, but failed to do so.  The spider was simply not 
found outside of the bamboo internodes, hence no conclusions could be made in this 
respect.  In the discussion for chapter four, I outlined a few key findings which point 
to the fact that P. wanlessi may have an additional unique feature: the spider might 
actually emerge from the internodes at night.  Thus, a concerted effort should be made 
to try and find the spider at night, both inside and outside of the internodes. 
Related to this would be an investigation into the intimacy of the association 
between P. wanlessi and bamboo (or in fact those two particular species, 
Gigantochloa scortechinii and G. ligulata).  Would this species colonise other types 
or species of bamboo if these are not available?  Despite two studies in the type 
locality having failed to consistently locate the spider outside of bamboo internodes, 
the spiders have been sighted outside their internodes (Jackson, R. R., pers. comm.) 
long before Żabka and Kovac (1996) described the species.  While this sighting has 
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yet to be confirmed via museum collections, and may represent nothing more than a 
fortuitous event, it has implications for how closely the spider is associated with 
bamboo and also regarding how the spider disperses from the internodes. 
Another finding of chapter four was that P. wanlessi seems to have a very 
limited type of habitat in which it flourishes: fallen bamboo too near or too far away 
from the river (Sungei Gombak) had little or no spiders; bamboo too recently fallen or 
in too advanced a state of decay were also devoid of the spiders.   One might then 
question the assertion made by Żabka and Kovac (1996) that the spiders are pan-
peninsular (i.e. can be found throughout the peninsular).  The conditions under which 
they can be found appear to be rather distinct, with little margin for change.  One 
specific question that could be asked would be are the spiders only found in bamboo 
growing along the sides of a river?  Would clumps of bamboo not located near a river 
also be able to harbour this species, or if they do not already, would the species be 
able to colonise it?  It is unlikely that the spider could be pan-peninsular if the 
conditions necessary for its survival do not exist in many areas apart from the type 
locality, Ulu Gombak.  This has implications for conservation of its natural habitat, 
especially if the spider cannot be found anywhere else in Malaysia. 
The only descriptions of the spider’s natural behaviour are based on 
experimental internodes that were considerably altered from their natural state (Żabka 
and Kovac, 1996).  One alternative to this method is to utilise an endoscope, perhaps 
with infrared capabilities to see under dim conditions, to peer into the bamboo 
internodes through small holes in order to minimise the disturbance to the inhabitants 
of the internode, particularly the spiders.  Using this method, one might be able to 
verify if the spider utilises dry internodes or only those with phytotelmata; document 
exactly what types of prey the spider is stalking; observe its activity levels during both 
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day and night and so on.  In fact, such an experiment would answer many of the 
questions thrown up by this study as well as Żabka and Kovac’s (1996) earlier paper. 
In addition to characterising P. wanlessi’s niche, some experimental gaps 
were mentioned in chapter two.  These were mainly to do with P. wanlessi’s choice of 
adult mosquitoes over larval mosquitoes, and perhaps how the spider might react if 
presented with a different terrestrial prey as an alternative choice to the larval 
mosquito.  Since adult mosquitoes were the preferred prey all along, it would be 
useful to see if perhaps larval mosquitoes could be the next in line in terms of prey 
rank, as compared to other terrestrial prey.  The range of prey offered to P. wanlessi 
could also be profitably expanded, and the time that the spiders were starved 
increased.  Juveniles should also be tested for their choices between larval mosquitoes 
and other prey types, to see if there exists a distinction between adult and juvenile 
choices. 
With regards to questions thrown up by the work performed in chapter three, 
demonstrating that the spiders have increased longevity etc. when reared on 
mosquitoes is only a stepping stone to determining fitness.  Additional experiments 
could be conducted on the spider’s fecundity, fertility, clutch survivability and so on 
if the female parent is maintained on a strict diet.  These experiments would allow us 
to determine if adult mosquitoes are indeed the optimal prey for P. wanlessi. 
The unusually long lifespan of P. wanlessi should also be investigated further, 
to try and determine the differences between this and other species of salticid with 
regards to lifespan and optimal diet theory.  
Further experiments and observations should also be performed on P. 
wanlessi’s unusual behaviour of “fishing” aquatic prey out of water.  One setup would 
be a transparent cylinder designed to mimic the interior space of a bamboo internode 
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but allowing observations to be made externally.  This would let us observe how the 
spider actually tries to catch aquatic prey, its success rate (in a slightly less artificial 
setup), or even more detailed prey choice experiments with similar pairs of prey 
types.  The spider’s preference for adult mosquitoes does not in any way detract from 
the uniqueness of the ability of a salticid to fish out aquatic prey from water.  The 
behaviour is still unique and warrants study, but it may simply not be the preferred 




Paracyrba wanlessi has turned out to defy expectations with regards to predictions of 
its behaviour based on Żabka and Kovac’s (1996) original description of the spider.  
Despite having such a large proportion of larval mosquitoes in its reported diet, P. 
wanlessi turned out to prefer hunting terrestrial animals instead when tested under 
laboratory conditions.  It would appear that while the spider does have a preference 
for adult mosquitoes, it also has a unique ability to hunt aquatic prey.  Some other 
aspects of the spider’s biology were confirmed – P. wanlessi is now known to have an 
exceedingly long lifespan, supplementing Żabka and Kovac’s (1996) observation that 
it appeared as if the juveniles took long periods to mature.  The spider was also found 
to survive best when reared using a mixed diet that includes adult mosquitoes, its 
preferred prey.  Other aspects of this spider’s biology remain just as elusive as before, 
such as their means of dispersal and habitat range.  On the whole, there is still a great 
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